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TO THE 

RIGHT HON. lORD YISCOUNT PALMERSTON, M.P., 

secretary of state for the home 

department. 

My Lord, 

Your LordsMp having kindly assented to my work 
on "The Combustion of Coal and the Prevention of 
Smoke, Chemically and Practically Considered," being 
dedicated to your Lordship, I now submit it, in res- 
pectful acknowledgment of the services conferred on 
the public by your Lordship's Act, making the abate- 
ment of the smoke nuisance compulsory. 

This work, my Lord, is the result of my practical 
experience as Founder and Managing Director of the 
City of Dublin Steam Packet Company, established 
in 1824. In it I have not made a single statement 
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that has not been either warranted by the 
chemical authorities^ or justified by the most unques- 
tionable experimental proof. 

As conside^lp alarm has been expressed bj 
certain manufacture^ 4i^* others^ under the impression 

that from the i^ture' of .iheSf jf«>cctiye operations, it 

•••../••.•••••*•/.. **^-* 
will be impossitiI$f-j;ttfo^f(lj^*>^th fhe provisions of the 

Act (16 & 17 Vict'-^ft^jvlae), I may here observe, 
that although many have been induced to adopt com- 
plicated, and even costly expedients, and have, never- 
theless, failed in preventing the nuisance so justly 
complained of, they may yet find, that by more cor- 
rect, simple, and less expensive means, they may be 
enabled to satisfy the exigencies of that Act. 

During the last fifteen years I have proved, that 
even in the largest establishments, and in the furnaces 
of marine boilers, the great nuisance of smoke may 
be avoided, and even with the accompaniment of con- 
siderable economy. 

Although many hundreds of furnaces in the manu- 
facturing districts have been constructed by others, 
on the principles suggested in this work, I have never 
made a single application to any government or public 
establishment; aware of the suspicion which ever 
attaches to the advocacy of an interested party; and, 
above all, of the difficulty of overcoming old-establish- 
ed customs and prejudices. I have long, therefore, 
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anxiously looked for some legislative enactment by 
wluch those who create public nuisances shall be com- 
pelled to abate them. 

My patent of 1839 having now expired, I have 
no interest whatever in bringing the subject thus 
prominently forward, beyond the natural claim to the 
credit of having (in the words of Sir Eobert Kane) 
been "the first to place this subject in its important 
and just aspect." 

I have the honor to be. 
My Lokd, 
Your Lordship's obliged and humble Servant, 

CHARLES WYE WILLIAMS. 
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PREFACE. 



Being much iaterested in the improvement of steam vessels, 
from my connection with sevei^l steam navigation companies, 
and having had a longer and more extended experience in the 
detmls of their building and equipping than, perhaps, any indi- 
vidual director of a steam company in the kingdom, my atten- 
tion has been uninterruptedly given to the subject since the 
year 1823, when I first established a steam company, and 
undertook to have the first steam-vessel constructed capable of 
maintaining a commercial intercourse across the Irish Channel, 
during the winter months, and which, till then, had been con- 
sidered impracticable. 

The result of this long experience is the finding, that, not^ 
withstanding the improved state to which the construction and 
appointments of the hull and general machinery of steam- 
vessels have arrived, great uncert^nty and risk of failure still 
prevail in the use of fuel and the generation of steam. 

It is true, the engineer, who undertakes the construction of 
the engines, also undertakes that the boilers shall provide a 
sufficiency of steam to work them ; but what that sufficiency 
means, has not been decided ; and, in too many instances, the 
absence of some fixed data on the subject leaving the evils of a 
deficiency of ateam or a great expenditure of fuel unabated. 

So long as the operations of steam-vessels were confined to 
coasting or short voyages, the consequences of these defects in 
boilers, as regards the quantity of fuel, were a mere question of 
pounds, sliillings, and pence, AVhen, however, those operations 
came to be extended to long sea voyages, these consequences 
M>k a more comprehensive range, and involved the more im- 



portant question, whether such Toyagea m 
profitable. 

From being bo deeply interested in the iraprovement of ihia 
department of §teuui unvjgation, 1 have watched, with no onall 
anxiety, tlie efforts of the engineers to arrive at Bome degree of 
certainty in what was admitted, on all hands, to be the moet 
serious drawback t(i tlic successful application of steam-Teasels 
to long sea voyages. 1 perceived the absence of any wdl- 
foundcil ])rinciple in the construction of the boiler; — that the 
part on which moat depended appeared least understood, and 
least attended to, namely, the furnace; and that this was too 
often left to the skill (or want of it) of working boiler-maken 
or bricklayers. I saw that, although the groat operations of 
combustion carried on in the furnace, with all that belongs tn 
the intro<Iuction and employment of ntraospheric air, were 
among the most difficult processes within the range of chemistry, 
tho absence of sound scientific principles still continued to 
prevail; yet on thceo must depend the extent or perfection rf 
the combustinu in our furnaces. 

Years were still passing away, and while every other depart- 
ment was fast approaching to perfection, all that belonged to 
the combustion of fuel — the production of smoke — and the 
wear and tear of the furnace part of the boiler, remained in ^e 
same status quo of uncertainty and insufficiency; and even that 
boilers and their furnaces, constructed within the last few yeor^ 
exhibit greater violations of chemical truths, and a greater 
departure from the principles on which nature proceeds, than 
any preceding ones which have come under my observation. 

In the proper place I will shew, that, of late years, as mudi 
uncertainty as to the success of a new boiler has prevailed as 
when I first began operations, thirty years ago; and that few 
boilers, for land or marine engines, exhibit more in the way of 
effecting perfect combustion or economy of fuel than those of 
any former period since the days of Watt. 

I here observe, that I do not affect to give any new view of 
the nature of combustion, much less do I make any claim to 
discovery. What I take credit for is, the practicbl application. 
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on the large scale of the furnace, of those chemical traths which 
are so well known in every laboratory. I also 4;ake credit for 
bringing together the scattered facts and illustrations of such 
authorities as bear on the subject before us, and so applying 
them as to enable practical men to understand that part which 
chemistry has to act in the construction, arrangements, and 
working of our boilers and furnaces. 

The first part of this Treatise, in which the chemistry of com- 
bustion is considered, first published in 1840, is here now repub- 
lished in a condensed form, in connexion with the second part, 
involving the practical application of the subject. 

It is here unnecessary to say any thing on the causes which 
have led to so long an interval. It may, however, be observed, 
that the postponement of the second or practical part, has had 
this advantage, that it has afforded the means of introducing 
the recent changes that have been made in boilers; and par- 
ticularly of that important one, the introduction of the tubtilar 
principle into steam navigation. 

C. W. WILLIAMS. 

Liverpool^ 

1864. 
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PART FIRST. 



OF THE CONSTITUENTS OF GOAL, AND THE GENE- 
RATION OF COAL GAS. 

In the following treatise I do BOt undertake to shew how 
the smoke from coals can be burned; but I do undertake to shew 
how coals may he burned wthout smoke; and this distinction 
invoIveB the main question of economy of fuel. 

When emoke is once produced in a furnace or flue, it is as 
impossible to burn it or convert it to heating purposes, as it 
would be to convert the smoke issuing from the flame of a can- 
dle to the purposes of heat or light. 

When we see smoke issuing from the flame of an ill-adjusted 
common lamp, we also find the flame itself dull and murky, and 
the heat and light diminished in quantity. Do we then at- 
tempt to bum that smokef No; it would be impossible. 
Again, when we see a well-adjusted Argand lamp bum wtkout 
producing any smoke, we also see the flame white and clear, and 
the quantity of heat and light increased. In this case, do we 
say the lamp bums its smoke'? No; we say the lamp burns 
without smoke. This is the fact, and it remains to be shewn 
why the same language may not be applied to the combustion 
of the same oofd and the same ga^, in the furnace, as in the 
lamp. 

In a treatise purporting to describe the means of obtaining 
the largest quantity of heat from coal, the first step is an in- 
quiry into the varieties of that combustible and its respective 
constituents. 

The classification of the various kinds of coal, the details of 
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The most important feature in reference to this analysis, le 
the proportion of bydn^en which all bituminous coal contains, 
and which may be estimated at 5 J per cent — hydrogen being 
the main dement in the evolved gas, and by the combustion of 
which flame is produced. 

The theory of combustion is now well understood by edeB- 
tilic men ; but, ae a practical art, it still remiuna at a very low 
ebb. 

We know, Bficjitificnlhj, that carburetted hydrogen and the 
other comjiouDds of carbon require given quantities of atmo»- 
pheric air to cfTcct their combustion ; yet we adopt no means, 
practically, of ascertaining what quantities are supplied, and 
treat them as though no such proiwrtions were ncccseary. We 
know, tcicntiJicoUy, the relative proportions in which the consti- 
tuents of atmospheric air are combined ; yet, practically, we 
appear wholly indifi'ercnt to the distinct nature of those consti- 
tuent)?, or their effects in combustion. Wc know, scientifically, 
that the inflammable gases arc combustible only in proportion to 
the degree of mixture which is effected between them and the 
oxygen of the air ; yet, practically, wc never trouble our heads 
as to whether we have effected such mixture or not. These 
and many similar illustrations oxliibit a reprehensible degree 
of carclessucHs, which can only be corrected by a sounder and 
more scientific knowledge of the subject; and this can only be 
attained through the aid of chemistry. 

The main constituents of all coal, as we see in the preceding 
table, are carbon and hydroijen. 

In the natural state of coal, the hydrogen and caj^bon are 




united and solid. Their respective characters and modes of en- 
tering into combustion are, however, essentially different ; and 
to our neglect of this primary distinction is referable much of 
tlie difficulty and complication which attend the use of coal on 
the large scale of our furnaces. 

The first leading distinction is, that the bituminous portion is 
convertible to the purposes of heat in the gaseous date alone; 
while the carbonaceous portion, on the contrary, is combustible 
only in the solid state; and, v^hat is essential to be home in 
mind, neither can be consumed while they remain united. 

The use of the term "fuel" as applied to the combustion of 
coal during its several procesaea in the furnace, without re- 
ference to any particular constituent, whetlier gaseous or solid, 
is sufficiently indicative of the inattention to the chemical con- 
ditions of combustion.* 

The general impression is, that coal, spoken of under the 
objectionable term of "fuel," enters into combustion at once, on 
the application of heat, and that, during such combustion, it 
evolves the gaseous matter which it contains. This, however, 
is neither correct nor scientific, and evades an important feature 
in the use of coal, namely, the order in which the gaseous and 
solid portions come into use as heat-giving media, 

"When heat b first applied to bituminous coal, the question 
naturally arises, What becomes of it? or, What is its effect? 

A charge of fresh coal thrown on a furnace in an active state, 
80 far from augmenting the general temperature, becomes at 



* Many instances of inattention might here be given. The following 
will suffice. In e. popular treatise on the steam -eogine, by Dr. Lardner, 
speaking of Bninton's revolving grate, he ohserves, " The coala are let down 
from the hopper on the grate, and aa they descend in very small quantities at 
a time, Ihey are abnost immedialely ignited'' Here the coaHs represented aa 
being ignited, or converted into flame, whioh is incorrect. Coal-gas may be 
converted into flame, and coke may be ignited, bnt coal can neither be ignited 
nor converted into flame. 

Again, " But, until their ignition is complete," a smoke will ariee, wbich, 
passing to the flue over the burning coal, joill be ignUid." Here it 'a tlie ga» 
whicli is ignited ^ — the term smoke being improperly used instead of gas. 
TKs, also, is incorrect, as smoke, properly speaking, being once formed, cannot 
be ignited nrinflamcd in (he same furnace. 



oDoe m ahmirient of it and the soarce of the voiatitmxtion of the 
bitaminoua portion of the coal ; in a word, of the generation of 
the gas. Novr, rolatilization is the most cooUng process of 
nature, by reason of the quantity of heat nhich is directly con- 
verted from the $ermbU to the latfnt state. So long as any of 
the bituminous constituents remain to be evolved from any 
atom or division of the coal, its solid, or carbonaceous part 
remuns block, at a comparatively low temperature, and utterly 
inoperative as a henting body. In other words, the carbon- 
aceous part has to wait it» turn for that heat which is essential 
to its own combustion, and in its own peculiar way, as will be 
explained hereafter. 

We also see, that if this bituminous part be not consumed 
and turned to account, it would have been better had it not 
existed in the coal ; as such heat would, in that case, have been 
saved and become available fur the business of the furnace. 
To this circumstance may be attributed the alleged compan- 
tively greater heating properties of coke, or anthracite, over 
bituminous coal. 

The point next under consideration will be the proceeses 
incident to the combustion of the ffaaeous portion of the coal, U' 
distinct from the carbonaceoug or solid portion. 




OP GASEOUS COMBINATIONS, AND PARTICULARLY 
OF THE UNION OP COAL GAS AND AIR. 



Having poiDted out the leading characteristic in the uac of 
coal, arising out of its elementary divisions, bituminom and 
carbonaceous, our next step is, its union with atmospheric air. 
This part of the subject will require the more attention, as the 
practicable economy in the use of coal will be found connected 
with the combustion of the gases. The mechanical engineer 
may asli. What has this to do with boiler-making and furnace- 
building? Nevertheless, it involves the whole question of right 
or wrong, so long as a furnace is to be part of a boiler, and that 
coal is to be consumed in that furnace. 

On the application of heat to bituminous coal, the first result, 
as already mentioned, is its absorption by the coal, and the dis- 
engagement of gas, from which flame is exclusively derivable. 

The constituents of this gas are, hydrogen and carbon : and 
the unions which iJone concern us here are, carburetted hydrogen, 
and bi-carhwretted hydrogen, commonly called olefiant gas. 

CombustibiUty is not a quality of the combustible, taken by 
itself. It is, in the case now before us, the union of the com- 
bustible with oxygen, and which, for this reason, is called the 
"supporter;" neither of which, however, when taken alone, can 
be consumed," 



■ " Id ordinary language, a body la said to burn when its elements unite 
with the oxygen of the air, and form new products. One of the bodies, as 
hydrogen, is termed the burning or combustible body, und the oxygen is Boid 
to be the supporter of combustion ; but this language, although convenient 
for common uae, ia incorrect aa a svientific expression, for oxygen may be 
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To effect combustion, Uien, we must bsve a cembutt&k and a 
atipporter of combuation. Strictly speaking, combustion means 
union ; but it oiciuis chemical union. 

Let UB bear in mind, that coal gas, whether generated in a 
retort or a furnace, is essentially the same. Again, that, 
strictly speaking, it is not inflammable; as, btf itseif, it can 
neither produce flame nor permit the continuance of dame in 
other bodies; a lighted taper introduced into a jar of carburetted 
hydn^en, (coal gas,) so far from inflaming the gas, is itself 
instantly extioguiehed. Effective combustion, for practical 
purposes, is, in truth, a question more as regards the air than 
the ffOM, Besides we have no control over the gas, as to quan- 
tity, after having thrown the cool on the furnace, though we can 
exercise a control over that of the air, in all the essentials to 
perfect combustion. It is this which has doue so much for the 
perfection of the lamp, and may be made equally available for 
the furnace; yet, strange to say, in an age, when chemical 
ecicnco is so advanced, and in a matter so purely chemical, this 
is precisely wliat is least attended to in practice. The haio, and 
the token, and the where this controlling influence over the 
admission and action of the air is to be exercised, aro points 
demanding the most Bcrious consideration, and can only be 
dedded on itrict chemical principles. 



bamed in a vessel of hydrogen, as well <u hydrogen in a vemel of osjgen, 
the one and the other being equally active in the proceM, and being related 
to each other in every way alike."— EfcjnenM nf Clitiiibiiry, by Robert 
Kane, M.D. Part I., p. 286. 1840. 



CHAPTER III. 



OP THE CONSTITUENTS OF COAL GAS AND AIB, AND 
THE RELATIVE QUANTITIEa REQUIRED FOR COM- 
BUSTION. 

The first step towards effecting tte combuation of any gaa, 
is the ascertaining the quantity of oxygen with which it will 
chemically combine, and the quantity of air required for sup- 
plying such quantity of oxn/gen. Here, then, we are called on 
for strict chemical proofs — these Beveral quantities dependiug 
on the faculty of each in combining with certain definite pro- 
portions of the other — the supporter ; these respective propor- 
tions being termed " equivalents," or combining volumes. 

Now, the doctrine of " equivalents," that all-convincing 
proof of the truths of chemistry, reduces, to a mere matter of 
calculation, that which would otherwise be a complicated tissue 
of uncertainties. 

Much of the apparent complexity which exists on this head 
arises from the disproportion between the relative volumes, or 
bulk, of the constituent atoms of the several gases, as compared 
with their respective weights. For instance, an atom of hydrogen 
is double the bulk of an atom of carbon vapour; yet the latter is 
six times the weight of the former. 

Again, an atom of hydrogen is double the bulk of an atom of 
oxygen; yet the latter is eight times the weight of the former. 

So of tlie constituents of atmospheric air — nitrogen and 
oxygen. An atom of the former is double the bulk of an atom 
of the latter ; yet, in weight, it is as fourteen to eight. 

I have stated, that there are two descriptions of hydro-carbon 
gases in the combustion of which we are concerned ; both being 
generated in the furnace, and even at the same time, namely, 
the carlureiled and bi-carhureUed hydrogen gaacs, the proportion 
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of Uw UUer in cokI gas being estimated at about ten p^ eeat 
For the sake of simplifying the explanation, I wiU confine 
myeelf to tlic first. 

On analyzing tKis gas, we find it to consist of two volumes of 
hydrogen and one of carbon vapour ; the groBS bulk of these 
three being condensed into the bidk of a sinijle atrtm of hydrogen, 
that is, into two-fifthe of their previous bulk, as sheWD in the 
annexed figures. Let figure I represent an atom of coal ga»— 
carboretted hydrogen — with its constituents, carbon and hydro- 
gen ; the space enclosed by the lines representing the relative 
size or volume of each ; and the numbers representing their 
respective weights — hydrogen being taken as unity both for 
voliune and weight." 

CarburetUd Ilj/drognn. 



lu ouiutituQubi, 




Bi-carhMrclUd Ilydrogtn. 
Fig. 2. 



Itn uoualitUGUlH, 




• " Ce ga7. (earburetted hydrogen) est compose de 75.17 partieB (by wei^t) 
decarlione, et 24'33 d'hydrogeiie ; ou, d'un volume de carbone gaxeux et 
qutttre volumes de gai hydrogene, condenses fL la moitiS du lolume de ce 
dernier, ou, auK 2/5 du volume total du gaz, de raaniere que de ciuq volamea 
simplw, il n'en reaulte pus plus de deui de k curabinaiaon." ~ 
Vol, I., 330. 
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Let us now, in the same analytical manner, examine an atom 
of atmospheric air, the other ingredient in combustion. 

Atmospheric air is composed of two atoms of nitrogen and one 
atom of oxygen ; each of the former being dmible the volume of 
an atom of the latter, while their relative weights are as four- 
teen to eight : the gross volume of the nitrogen, in air, being 
thus four times that of the oxygen ; and in weight, a« twenty- 
eight to eight, as shewn in the annexed figure 3. 



Atmo^heric Air 



Fig. 3. 




1 



In the coal gas we found the constitnents condensed into fwo- 
fifths of their gross bulk : this is not the case with air ; an atom 
of which is the same, both a-s to hulk and weigU, as the sura of 
its constituents, as here shewn. Thus, we find, the oxygen 
bears a proportion in volume to that of the nitrogen, as one to 
five ; there being but 20 per cent, of oxygen in atmospheric 
air, and 80 per cent, of nitrogen. 

We now proceed to the ascertaining the separate quantity of 
oxygen required by each of the constituents (of the gas J, so as to 
effect its perfect combustion. 

With respect to this reciprocal saturation, the great natural 
law is, that bodies combine in cerlnin fixed proportimiK mily, both 
hIB volwne and weight.* 

% • " L'eiperience a. dSmontre que, dc mcme que les elemens se combinent 
dans des proportions fixes et mullipleB, rektivi^mtnt k kur poidi, \h se com- 
binent auBsi, d'nne maniere analogue, relativeiiient k lenr volmne, lorsqu'ile 
sont ^r6tat de gax: en sorte qu'un Tolume d'uu element se combine, ou,)(vec 
■ID volume £gal au sien, ou aver. 3, 3, i et plus de Tnis son volume d'un autre 
element a I'^tat de ga::. En coniparant ensemble Ie9 phenom^nes connus des 
combinaisons de subBtances gaTCUSca, nnus d^couvrong Ics mimes loin des pro- 
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The Important bearings of this eletnentary priiici{:J« caouoi 
be more strikingly iilustretcd than in the comliinations of which 
the elemeDts of atmospheric air are eusceptible. 

For infltance, oxygen unites chemically with nitrogen in five 
different proportions, forming five distinct bodies, eacb eaeen- 
tMJl y different from the others, thus i 

Weigh. Alomi. Weiffhi. Grva Weigkl. 

I U naita *ith 1 of Onygen 8 fonning Nitnma Oxide S£ 
U .... S .... 10 ■ - Nitric Oxidr . 3(1 
. . 3 . . . . 24 . . Hyponitroua Acid 38 
. . 4 . . . . S3 . . Nttroiu Aciil . . 46 
. . C . . . . 40 . . Nitric Acid . . H 
Or thna: Fig. 4. 

■~ jya-mfKi. y^ -j AtmoBpheilc A&. 

ji -*• 1 NitroiiB 0»Jil( 

)\ )\ )\ J HjT<«ltK»ai, 

Oooooo--- 

portions fises, que celles que vous venous de d&iuire de leurs proportiona en 
potde : ce qui donne lieu k une inani^e de se repr^nter lea corps, qui doivent 
He combiner, soua des volumei relatift a I'gtat de gaz, Lea degr^s de combi- 
naiaong Bont absolument les mfimcB, et ce qui dans I'une est norame atomf. eat 
dauB I'antre appele volume."— Berzelius, Vol. IV,, 6i9. 
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We here find the elements of the air we breathe, by a mere 
change in the proportions in which they are united, forming 
80 many distinct eubatances, from the laughing gas, (nitrous 
oxide,) up to that most deBtructive agent, nitric add, com- 
monly called aqua-fortis. 

On the apphcation of heat, or what may be termed the firing or 
lighting the gas, when duly mixed with air, the hydrogen sepa- 
rates itself from iti JetloiD-constiiwent, the carbon, and forms an 
union with oxygen, the produce of which is water. The satu- 
rating equivalent of an atom, or any other given quantity of 
hydrogen, is not double the volume, as in the case of the carbon, 
but one-half its volume only — the product being aqueoua va- 
pour, that is, steam ; the relative weights of the combining vo- 
lumes being 1 of hydrogen to 8 of oxygen ; and the bult, when 
combined, being two-thirds of the bulk of both taken together, 
OS shewn in the annexed figure. 
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Again, the carbon, on meeting its equivalent of oxygen, 
unites with it, forming carbonic acid gaa, composed of one atom 
of carbon, (by weight 6,) and two atoms of oxygen, (by weight 
16,) the latter, in volume, being double that of the former, as 
a the annexed figure. 



^ 
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Cftrbonic Acid. 



Fig. C. 




No facts in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom of oxy- 



gen (the former bang donbU the bulk of the latter) unite in the 
formation of wnter ; and, further, that one atom of carbon va- 
pour anil two atoms of oxygen {the latter being double the bvH 
of the former) unite in the formation of carbonic acid gas. 

Having thus ascertained the quantity of oxygen, required for 
the saturation and combustion of the two constituents of coal 
ga«, the remaining point to be decided is, the quantity of ah 
that leili be rttjwiredto mpply this quantity of oxygen. 

This is easily ascertained, seeing that we know precisely the 
proportion which oxygen beare, in volume, to that of the air. 
For, as the oxygen is but tme^/tflh of the bulk of the air,^w 
volumes of the latter will necessarily be required to produce 
one of the former; and, im we want two volumee of oxygen for 
each volume of the coul gas, it follows, that, to obtain tltote two 
volumes, toe mutt provide ten volumes of air. 

As the proportion of air required for the combuation of the 
bi-carburetted hydrogen (olcfiant gas) ia necessarily latter than 
for the carburetted hydrogen, a diagram of each is annexed, 
shewing the volume of air required for combustion. 



Car/jiiretled Uyilrogen. 



Itcfore eombuation. Elemental; mixiuri?. 



Products of conibuBtinn. 



Weight. i 

8 Carburetted 



144 Atmospheric 



Weight. 



Witghl. 
1 Carbon... —^ 82 Carbonic Add. 

1 Hydrogen I yj^^y ^ Steara. 

1 Hjdrogen 1 —^ 

1 Oiygen... 
1 Oxygen... 
I Oxygen... 

8 Nitrogen 112 



152 




1S2 
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Bt'CarbureUed jH^drogen. 



Before oombustioii. Elementary mixture. 



Weighi. 



Aionu, 



Weight. 



!1 Carbon... 6 

1 Carbon... 6 

1 Hydrogen 1 

1 Hydrogen 1 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 

1 Oxygen... 8 
^ 12 Nitrogen 168 



216 Atmospheric 
Air. 




PhKlactB of combustion. 

Wdghi. 

22 Carbonic Acid. 
22 Carbonic Acid. 

9 Steam. 

9, Steam. 



290 



230 



168 Uncombined 
— Nitrogen. 
280 




OF THE QUANTITY OP AIR REQUIRED FOR THE OOTT- 
BlISTIUN OI-' CARBON, AFTER THE GAS HAS BEEN 
GKNERATEU 

Having diaposed of the 'lucetion of quantity, as regards the 
•upjtly of air required for tin; Mitiirntion and combustion of the 
gamuts portion of coal, we have now to answer a correaponding 
question, witli reference to the cnrhtmaceovs part resting in a 
•olid fonn on the Iwrs njlrr the gaaeoiis mutter hna been evolved. 

Carbon m «tat(Hl, by chemists, tii }>c susceptible of uniting 
with oxygen in three proi>ortion8, by which three distinct bodies 
arc formed, poBaesBing distinct chemical properties. 

This [Toculinrity of the unions of carbon with oxygen is 
wholly unattended to in practice : yot we shall sec how essential 
it is in considering the quantity of air to be introduced to a 
furnace. 

These three proportions, In which carbon unites with oxygen, 
form, first, rarlnmic acid; second, carbonic oxide; and, third, 
earhmoua ur.id (or oxalic acid). With the first and second only 
wo have to deal in the furnace — the difference between these 
two formations being peculiarly important to our present 
subject. 

Wore carbonic acid the only product of the combustion of 
the carbon of the coal in the furnace, no more would here have 
to ha Siud; but there is the other state in which we find carbon 
uniting and passing away with oxygen, and which gives rise to 

nsideratione of the utmost importance in this branch of the 
iquify. This other state is that of carbonic oxide, the forma- 

m of which, in the furnace, is wholly unheeded in practice, 
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although ita influence on the qunntitjr of heat obtained is 
very considerable, the very name of this gas not having hitherto 
been noticed by any writer in connexion with coinbuetion in 
the furnace. 

Carbonic acid, we have seen, is a compound of one atom of 
carbon with two atoms of oxygen; while carbonic oxide is com- 
posed of the same quantity of carbon with but half the above 
quantity of oxygen) as in the annexed figures. 




I Carbon, C.foriiiB Carbon 



™" Here we see, that carbonic oxide, thCu^.. i.>,u.^.u.ug K,^i 
one-half the quantity of oxygen, is yet of the same bulk or vo- 
lume as carbonic acid, a circumatance of considerable import- 
ance on the mere question of draught, and supply of air, as wili 
be hereafter shewn, 

Now, the combustion of this oxide, by its conversion into the 
acid, is as distinct an operation as the combustion of the car- 
buretted hydrogen, or any otlier combustible ; yet all this ia 
wholly overlooked in practice in the operations carried on in the 
furnace. 

But the most important view of the question, and one which 
is little known to practitioners outside the laboratory, is as re- 
gards the Jbrmation of this oxide; and this is the part of the 
inquiry which most requires our attention. 

The direct effect of the union of carbon and oxygen is the 
formation of carbonic acid. If, however, we abstract one of its 
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jiortmna cf oxyfffn, the remaining proportions wonM then be 
those of carbonic oxide. It ia equally clear, however, that if 
we add a second portion of carbon to carbonic aeid, we shall 
arrive at the same result, namely, the having carbon and oxy- 
gen combined in equal proportions, as we see in carbonic oxide. 



Fig. 9. 




By the addition, then, of a sfcond proportion of carbon to 
the above, itvo volumes of carbonic onV/i* will be formed — 
thus : 

Fig. 10. 




Now, if these two volumes of carbonic oxide cannot find the 
oxygen required to raniplete their snlvrotifig equivalents, they 
pass away necesenrily but half consumed, a circumstance which is 
constantly taking place in all furnaces where the air has to pass 
through a body of incnndescent carbonaceous matter. 

This frequently leads to a fatal error in what is called the 
** combustion of smoke " : for if the carbonaceous constituent 
of coal, and, while yet at a high temperature, encounters car- 
bonic acid, this latter, taking up an additional portion of carbon, 
is converted into carbonic oxide, and again becomes a gaseous 
and invisible combustible. 

The most prevailing operation of the furnace, however, and 
by which the largest quantity of carbon is lost in the shape of 



carbonic <Kade, is thus :— The air, on entering from the aslijiit, 
gives out its oxygen to the glowing carbon on the bars, and 
generates much heat in the formation of carbonic acid. This 
acid, necessarily at a very high temperature, passing upwards 
through the body of incandescent solid matter, takes up an ad- 
ditional portion of the carbon, and becomes carbonic oxide.* 

Thus, by the conversion of one volume oi acid into two vo- 
Imnes of oxide, heat is actually absorbed, while we also lose 
the portion of carbon taken up during such conversion, and 
are deceived by ima^ning we have " burned the smoke." 

Tlie formation of this compound, carbonic oxide, being thus 
attended by circumstances of a curious and involved nature, 
is, probably, the cause of the prevailing ignorance of its pro- 
perties. For, while we find, in every mouth, the term carbonic 
acid, as the product of combustion, we hear nothing of carbonic 
oxide, one of the most waste-inducing compounds of the furnace, 
unless provided with its equivalent volume of air, by wliich ite 
combustion will be effected. f \ 

Another important peculiarity of this gas (carbonic oxide) \ 
is, that, by reason of its already possessing one-kaif its equi- \ 
Talent of oxygen, it inflames at a lower temperature than the j 

i ordinary coal-gas ; the consequence of which is, that the latter, J 
■l passing into the flues, is often cooled down below the tem- 
* " Carbonic oxide may be obtained by traQBinitttng carbonic acid over 
red hot fntgrnenta of chorcoti! contained in an iron or porcelain tube. It Is 
easily kindled : combines witli half its volnme of oxygen, forming carbonic 
acid, which retains the original volume of the carbonic oxide. The com- 
bustion is often witnessed in a coke or charcoal fire. The ratrbonic acid pro- 
duced in the lower part of the fire is converted into carbonic oxide as it passes 
up throngli the red bot emberB." — Graham's Elements of C/iemisfrg. 

t " Among the stove-doctors of the present day, none are more dangerous 
than those who, on the pretence of economy and convenience, recommend 
to keep a large body of coke burning slowly, with a slow circulation of air. 
An acquaintance with chemical science would teach tliem, that, in the ob- 
scure comboetion of coke or charcoal, much carbonic oxide is generated, and 
uuifh fuel consumed, with the prodoction of little beat; nud pb^ical science 
vrould teacb them, that, when the chimney draught is languid, the burned 
air is apt to regurgitate through every seam or crevice, with the imminent 
risk of causing asphyxia, or death, to the inmates of apai'tments so preposte- 
rously heated," — Dr. Ure'e Paper on VentUat'm<] and Heating Apiirtmentt, 
read before the Royal SocUfy, I6//1 June, 1836. 
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perature of ignition ; while the farmer is sufficiently heated, 
even after having reached the top of the Ghimney, and is there 
ignited on meeting the air. This is the caose of the red flame 
often seen at the tope of chimneys and the funnels of steam- 
vessels 

We may thus set it down as a certainty, that, if the carbon, 
either of the gas or of the solid mass on the bars, passes away 
in union with oxygen in any other form or proportion than that 
of carbanie acid, a ccmimensurate loss of heating effidct is the 
result. 

Hence we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies the 
observation of Chevreul, in his '* Lemons de Chimie," that '* b 
cannaissance de see proprietes est itidispensable pour bien coimoUre 
h carbon.^ 

Of the application of carbonic oxide in the manufiicture of 
iron, and the mode of effecting its combustion, notice will be 
taken in a subsequent chapter. 




OF THE QUALITY OF THE AIR ADMITTED TO 

A FURNACE. 

"When we apeak of mixing a given quantity of oxygen witli 
a given quantity of coal gas, we do so because we know that 
the former is required to saturate the latter ; so when we epeak 
of mixing a given volume of atmospheric air with a given volume 
of coal-gas, we do ao knowing that auch precise quantity of 
air will provide the required quantity of oxygen. 

Ifj however, by any circumatancGj accidental or otherwise, 
the air we employ has either lost any portion of ita oxygen, or 
is mixed with any other gas or matter, it no longer bears the 
character of pure atmospheric air, and cannot satisfy the 
condition as to qiiaiitity of oxygen which was essential to our 
purpose. 

We require ten cubic feet of air to supply two cubit feet of 

I oxygen to effect the combustion of one cubic foot of coal gas ; but/ 

l^if this quantity of air does not contain this 20 per cent., it is 

[■manifest we cannot obtain it. The air, in this case, may be 

aid to be vitiated or deteriorated ; and, in this sense, the quality 

f the JUT we employ is entitled to serious consideration. 

Let us now inquire bow far the ordinary mode of constructbg 

and managing our furnaces enables us to satisfy this condition, 

namely, the providing unvitiated air both to the solid car- 

hoiiaceous portion of the coal on the bars, and the gaseous portion 

in the furnace. 

Tredgold, and others after him, overlooking these distinctive 

I features in the processes which coal undergoes in its progress 
towards combostion, give preposterous directions as to the 
L 
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introduction of ur. Be BHya, *' The opening to minut aii (tbe 
ashpit) should be sufficiently large for prodat^ng the greatest 
quantity of ateani that oin be required, but not lai^er." Here 
we find the " qitanlUj/ of steam " actually considered as depen- 
dent on the area of " the opening to admit arr " to the ashpit, 
than which nothing can be more incorrect.* If, then, Tred- 
gold could so palpably overlook the chemical essentials in the 
combustion of the two separate constituents of coal, it cannot 
be a matter of surprise that those who have been taught to 
follow in his steps should have made bo little advance in per- 
fecting our system of furnaces. 

I have alluded to Tredgold's directions with the view of 
ix)inting attention to that which has hitherto been so neglected, 
namely, the two distinct operations of supplying air to the gas 
generated in tho upper port of the furnace, and to tbe solid 
carbon resting on the bars ; and, also, to the iujury caused by 
compelling the whole supply to pass through the ashpit, and 
through such solid carbon ; by which not only a deficiency of 
oxygen is occasioned in the air intended for burning the gas, 
but an undue and injurious urging of the combustion of the 
carbonaceous Jiiatter.t 

Yet tills is our daily practice. Wc bring air to the gases 
which has already been employed in a separate and even de- 

* " In the coDBtructian of tire-ptaccs for boilun,'' he observes, " we have 
tu combine evEO^ thing which a likely t<i odd to the effect of fuel, and to 
avoid every thing which tende to dimioisli it, as tar as possible. Now, vritli- 
uut some knowletlge of tbe nature of the operation of burning, it will scarcely 
be possible to do any thing good except by mere ancident. We shaulil be 
like seamen in a vessel at sea without a compass, with as little cluince of 
steering to the intended port.'' 

No man can question whether the absence of a compass would not be pre- 
ferable to one which should directly induce us to steer a wrong course. 

t "To succeed in consuming the combustible gases," observes Tredgold, 
"it is necessary tiiat they mix with air that has become hot, by passing 
throag/i, over, or itmotiij tlie fuel wliick has ceaied to nnohe ; the words of 
the patent of Mr. Watt, dated 1785." 

Here there can be no mistake, yet nothing can be more unscientiiie or un- 
sound in principle. The inevitable result of tins operation would be : first, 
the depriving the air, more or less, of its oxygen ; and, second, by urging this 
increased quantity of air to act like a blast on such red hot fuel, to c 
it with unnccCB^ry and injurious rapidity. 
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struciaTe process, and yet expect the result to be satisfactory 
and the oombustion complete. And when we find^ instead of 
producing carbonic acid and water^ that we have produced a 
large volume of smoke — of unconsumed combustible matter — 
we then set about inventing processes by which this smoke is 
to be '^conmmed^ and the evil we had ourselves produced^ 
corrected. 




! MIXING AND INCOBPOEATION OF AlK AND 
COAL GAS. 

11a VINO disposed of the queetioDa regardiiig the quanlUy and 
quality of the air to be admitted, our next consideratioD is, the 
effecting such a mixture as is required for eS'ective combnetioQ. 

It seems taken for granted, in practice on the large sc&Ie, 
that, if air, by nny means, be introduced to " the fuel in the 
furnace," it will, as a matter of course, mix with the gas, or 
other combustible, iu a proper manner, and assume the state 
suitable for combustion, whatever be the nature or state of such 
fuel. Yet, aa well might it be said, that bringing together 
given quantities of nitre, sulphur, and charcoal, in masses, was 
sufficient for the constitution of gunpowder. It is, however, 
the proper distribution, mixture, and incorporation of the 
respective elementary atoms of those masses which impart 
efficiency and simultancousncss of action, and, necessarily, their 
explosive character ; • and so, also, in the bringing bodies of ' 
gas and air into a state of preparation for efficient and simulta- 
neous combustion. 

In operating in the laboratory, when we mix a measured jar 
of an inflammable gas with a due complement of oxygen gas, 

• Doctor Ure in liis Chemical Dictionary, puts this clearly and forcibly. 
Gunpowder is composed of given weigliU of nitre, charcoal, and sulphur, "in- 
tbnateb/ blended together by long pounding in woudcn mortars." Again, 
"The varialiona of strengtli, in different samples, are generally occasioned b; 
the more or less attiviate division and mixture of the parts. The reason of 
this may be easily deduced from the consideration, that nitre does not detonate 
until in contact with inl^aiiimable matter -. whence the whole dutouation will 
be more speedy the nu/re numcrowi the aurfaces of contact." 
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tlie operation being performed leieorely, due incorporation fol- 
lows, and no queetion as to the want of time arisea. 

In this Operation the quantities are small: both bodies are 
gaseoua : there is no disturbing influence from the presence of 
other matter : the relative quantities of both are in saturating 
proportions; and above all, are unaiFected by current or draught. 

But compare this deliberate laboratory operation with what 
takes place in the furnace. First, the quantities are large : 
secondly, the bodies to be consumed are partly gaseous, partly 
solid : thirdly, the gases evolved from the coal are part combus- 
tible and part incombustible : fourthly, they are forced into 
connection with a large and often overwhelming quantity of the 
products of combustion, chiefly carbonic acid : fifthly, the very 
air introduced ia itself deteriorated in passing through the bars 
and incandescent fuel on them, and thus deprived of much of 
its oxygen: sixthly, and above all, instead of being allowed a 
suitable time, the whole are hurried away by the current or 
draught in large masses. 

Dr. Keid, in his "Elements of Chemistry," when describing 
the detonating mixture, directs " that the oxygen be well 
mingled with the hydrogen." Here deliberate measures are 
taken for the diffusion of a mere phialful, yet we take no pains to 
have these same ingredients " well mtngUd " in the furna<K I 

In the " Experimental Sesearches on the Diffiision of 
Grases," hy Mr. Graham, we have abundant proof of the abso- 
lute necessity for giving time. In one case, he observes, " the 
receiver was filled with 75 volumes of hydrogen, and 75 of 
olefiant gas, agitated and allowed to stand over water for twenty- 
fmir hours^ that the mixture might he as perfect as possible." In 
general, he allowed four hours to elapse before he considered the 
gases adequately mixed. 

Professor Daniell finds, that even in laboratory experiments, 
it is essential to give an excess of oxygen to secure an adequate 
portion reaching each atom of the gas to be consumed, no more, 
however, being consumed than its due equivalent of oxygen.* 

In the process which has been described for collecting the products of 
dctoaetioa of hjdrogou, and oxygen it is neccHBary thai they be ndxed 




Bnt tbe obBervations of Professor Fuadsy Bbonldasttflfy ns at 
once on the question of time, and Just!6ea tlie attributing so much 
importance to this hitherto neglected feature in tbe process of 
combustion on the lai^e scale. In his " Chemical Manipnla- 
tiona," p. 360, he says, " It will bo proper to observe, that, al- 
though in making mixtures of gaees, they will become mufona 
without ^itation, i/ sujffkient time he aliotoed, the period required 
will be very long, extentling even to hours, la narrow vessels. 
If hydrogen be thrown up into a wide jar full of oxygen, ao as 
to fill it, and no further agitation given, the mixture, nfli^ tht 
laptf of sci'rral minutet, will still beof different composition above 
and below," Here are geveral minutet proved to be necessary 
in effecting ailequate mixture in a jar full of the gaeea, whereas 
we cannot afford even severed seconds for the mixing of a fiimace 
fulL 

Now this brings us to the conolusion, that, as we cannot /orw 
tlic gas and air to mingle with suffident rapidity, under the 
ordinary circumstances of the furnace, our views should be di- 
rected to the effecting such modificatioas of that furnace aa will 
aid nature in those arrangements whicli arooeecnttal to combus- 
tion, rather than in obstructing them. 

Having consulted Professor Dauicll on this subject, fais 
opinion, here given, is of importance. 

OPINION. 

" King'i Cultcgc, Sth August, 1B40. 
" There can be no doubt, that the affinity of hydrogen for 
oxygen under most circuniBtanccB is stronger than that of car- 
bon. If a mixture of two part« of hydrogen and one of carbonic 
acid be passed through a red-hot tube, water is formed, a por- 
tion of charcoal is thrown down, and carbonic oxide passes over 
with the excess of hydrogen. 



very accurately, in the proportion of two of hydrogen to one of oxygen. In 
these proportions tbeyenWr into combinalioii, and in none other; and if cither 
were in cxmbs, the surplus wodld be left after detonation.'' — Daiiieltfi Ijilru- 
duclion to Chemical Philoiophy." 
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" With regard to the different forms of hTdro-carbon, it is 
well known, that the whole of the carbon is never combined 
with oxjgen in the processes of detonation or silent combustion^ 
unleis a large excess of oxygen be presenL 

" For the complete combustion of olefiant gas, it ie necesBory 
to mix the gas with jSue times its volume of oxygen, though three 
only are consumed. If leas be used, part of the carbon escapes 
combination, and ia deposited aa a black powder. Even sub- 
carburetted hydrogen it ie necessary to mix witb more than 
twice its bulk of oxygen, or the same precipitation will occur. 

" It is clear, therefore, that the whole of the hydrogen 
of any of these compounda of carbon may be combined with 
oxygen, while a part of their carbon may escape combustion, 
and that even when enough of oxygen is present for its 
saturation. 

" That which takes place when the mixture is designedly 
made in the moat perfect manner must, undoubtedly, arise in 
the common proceases of combustion, where the mixture is for- 
tuitous and much less intimate. Any method of ensuring the 
complete combustion of fuel, consiatiog partly of the volatile 
hydi-o-carbons, must be founded upon the principle of producing 
an intimate mixture with them of atmospheric air, in excess, in that 
part of the furnace to which they naturally rise. In the com- 
mon construction of furnaces thia is scarcely possible, as the 
oxygen of the air, which passes through the fre bars, is mostly 
expended upon the solid part of the ignited fuel with which it first 
comes in contact. 

"J.F. DANIELL. 

"To C. W. Williama, Esq., &c. &c." 



CHAPTER VTI. 



OF THE COiroiTIONS ON WHICH THE INOORPOBATIOH 
OF THK OAS AND AIR ARE EFFECTED PREPARA- 
TORY TO COMBUSTION, 

Frofessob Dani£LL, in the opinion juat quoted, states the 
true principle on which any improvement in our furnaces for 
ensuring tlic complete combuetion of bituminous coal mast be 
founded, namely, the producing an intimate previous mixture 
between the goecouB portion and utmoBpheric lur. 

On this head we Rnd many convincing illustrations of what 
nature requires, and what a judicious modo of bringing nir to 
the gas can eficct, in the common candle, and in the Argand 
lamp, that 1 propose examining these two exemidificationa of 
goaeous combinations and combustion, in the manner adopted 
by the best British and continental chemists. 

Mr. Brande observes, " In a common candle, the tallow is 
drawn into the wick by capillary attraction, and there eon- 
verted into vapour, which ascends in the form of a conical co- 
lumn, and has its temperature sufficiently elevated to cause it 
to combine with the oxygen of the surrounding atmosphere, 
with a temperature equivalent to a white heal. But this com- 
bustion is mperficiai only, the flame being a thin film of white 
hot vapour, enclosing an interior portion, which cannot hini for 
want of oxygni. It is in consequence of this structure of the 
flame that we ao materially increase its heat, by propelling a cur- 
rent of air through it by the Uow-pipf.'" 

Dr. Reid observes, " The flame of a candle is produced by 
the gas formed around the wick acting upon the oxygen of the 
air : the flame iit solely at (lie exterior portion of the ascending gas. > 
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All without is merely heated air, or the prodnota of combustion } 

a\l wilhin IB unconmwfd gas, risinff in Its titrn to aftect (mingle 
with) the oxygen of the air. 

" If a glaaa tube be introduced within the flame of a lamp 

or candle, (as represented in Fig. 11,) part of the unconsumed 

gas paases through it, and may be kindled as it cBcapes." 

Fig. 11. 




Berthier, vol. i., p. 177, observoB, " The flame preeente four 
distinct parts : namely, first, the basfi, of a sombre blue : this is 
the gas which burns with difficulty, becauae it has not yet ac- 
quired a sufficiently high temperature ; secondly, an interior 
dark cone : this is combustible gas highly heated, Imt tckich does not 
bjtm, became it is not mixed with, air ; thirdly, the Irilliant conical 
envelope: in this part, combustion takes place with a deposit of 
carbon ; fourthly, a conical envelope, which gives but little light, 
(' frSs pmi hmineuse,') surrounding the whole flame, extremely 
thin or attenuated {* extremement mince'). Combustion ia com- 
plete in this part, and it is at its contact with the luminous en- 
velope that the temperature is the highest." 

Berzelius, vol. viii., p. 151, observes of the flame of a candle: 
— At its baae we perceive a small part of a deep blue colour. 
In the middle ia a dark part which contains the gas evolved 
from the wiek, but which, not heing yd in contact with the air, cannot 
hum : outside of this is the brilliant part of the flame. We 
also perceive on the confines of this latter, a thin faintly lumi- 
nous envelope, which becomes larger towards the summit of the 
flame. It is there that the flame is hottest. Dr. Thomeon, 
iu hia work on " Heat and Electricity," and Dumas, in his 



" TniH^ de Chimie appUquec aiix Arts," give similnr illustrs- 

tions of the combugtion of the gna in the flume of a caodle. Dr. 
Ure observes, " Nothing pUces in a clearer light the heedle^ie- 
ness of mankind to the most ineitructive lessons than their neg- 
lecting to perceive the difficulty of duly intermingling air with 
infiammable vapours, for the purpose of their combustion, as 
exhibited in the everyday occurrence of the flame of a tallovr 
caudle, or common oil lamp ; for, though tliie flame be iu con- 
tact, externally, with a current of air created by itself, yet a 
lai^e portion of the tallow and oil passes off unconsumed, with a 
great loss of the light and heat which they are capable of 
producing." 

It ia here to be remarked, that notwithstanding the attention 
given to the subject by these chemical authorities, they have, 
nevertheless, omitted noticing the presence of the waier pro- 
duced by the combustion of the gas, and which will, hereafter, be 
shewn to be one of the most important products escaping from 
the furnace. This will be treated in a separate chapter. 

All these authorities agree in the main facts: Jirsl, that the 
dark epecka in the centre of the flame is a body of unconsumed 
gas ready for comJ/unlmi , and only waiting ih& preparatory step — 
the mixing — the getting into roittact with the oxygen of the air : 
secondly, that that portion of the gas in which the due mixing 
has been efiected, forms but a thin film on the rmtside of such 
unconsumed gas : thirdly, that the products of combustion form 
the transparent envelope, which may be perceived on close in- 
spection : fourthly, that the collection of gas in the interior of the 
flame cannot buru there for want of oxygen. 

Now these points involve the whole of the case of the ftmuice: 
— they reveal the difference between perfect and imperfect 
combustion. The bodies of gas and lur have, it is true,^ee ac- 
cess to each other : yet, time is vcmthig for their due mixture. 
Thus, diffusion and combustion only proceed, pari passu, as the 
constituent atoms of the gaa, " laJang their turn," are enabled to 
get into contact with their respective equivalent atoms of atmos- 
pheric oxygen, 

I have not hitherto quoted Sir Humphry Davy on this head, 
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for hia whole "ReBearcheson Flame "go in corroboration of the 
facta here stated, and the inferencea drawn by ao many com- 
petent authorities." 

If, then, the unrestricted aocees of air to this email flame is 
not able, by the laws of diffusion, to form a due mixture in 
time for ignition, o fortiori, it cannot do so when the supply of 
air is restricted and that of the gaa increased. 

Dr. Keid, speaking of the Argand lamp. Fig. 12, observes, 
that the intensity of the heat is augmented by causing the air 
to enter in the middle of a circular wick, or series of gas-jets, so 
that more gae is consumed toithin a given space than in the 
ordinary manner. 

But why is more gas consumed within this given space? 
Solely because more capability for mixture is afforded, and a 
greater number of accessible points of contact obtained, arising 
out of this series of jets. This may be seen in Fig, 13, where 
the inner surfaces, a n, arc shewn in addition to the outer ones h h. 
Fig. 14. 




" If the aperture," he observes, " by which air is admitted 
into the interior of the flame be closed, the flame immediately 
assumes the form shewn in Fig. 14 ; part of the supply of air 

* "In looking steadfastly at flame," he obeervea, "the part where the 
combastible ie volatilized is Been, and it appears darker, contrasted with the 
part in which iij/tgins to bum, that is, where it is >o mired with air oa to 
become explosive." 

3 
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being Anfl cnt off, it extends farther into the dr before it meets 
witli the oxygen neccaeary for its comba^tion." 

Here wc trace the Imyfli of the flame to the dimiaished rale 
of mixing and combastion, occasioned by tbe want of aiieqnatc 
acceee, within any given time, between tbe gaa and the air, 
mitil im late — until the ascending curreot has carried them be- 
yond tbe tcmpcnitore required for chemical action; the car- 
bonaceous constituent then lodng its gaseoud character, assuming 
its former colour and state of a black pulverulent body, and 
bootHning true emokc. 

In looking for a remedy for the evils arising out of the hui^ 
Tied state of things which the interior of a furnace naturally 
presents, and observing the means by which the gas is ef- 
fectually consumed in the Argand lamp, it seemed manifest, 
that, if the gaa in tbe furnace could be jjreaeoted, by means of 
Jell, to an adequate quantity of air, as it is in the lamp, the re- 
sult would be the same. The difficulty of effecting a similar 
distribution of the gas in the furnace, by means of jets, how- 
ever, seemed insurmountable : one alternative atone rcmtuned, 
namely, that, since the gas could not be introduced by jets into 
the body of air, the atr •might he intToduced by jets into the body of gag. 

This, then, is the means which I adopt, and by which I effect 
a complete combustion of the gases in the furnace, a» we do in 
tbe lamp. Professor Brande has so clearly described the ope- 
ration of the jet that I avail myself of his remarks in elucidation 
of the result produced by a jet of air into a boily of gas, and 
the analogy it bears to that of a jet of gas into a body of air,* 

* " Each jet of air which you adinit becomes, as it were, the Bouroe or 
centre of b. separale fSamc, and the effect in exactly that of bo many jeta of in- 
flainniable or coal-gnB ignited in tbe air \ only, in yoar furnace, you invert 
tbii ordinary state of tilings, and use a jet of air thrown iiito an atmogphere 
of inftaniniable gas, thus maitiug bu experiment upon a large and practjcal, 
which I have often made on a small and theoretical, scale, in illustration off 
the inoecuracy of the common terms of ' combuslibie' and ' iupjiorler of cma- 
buition,' as ordinarily applied. 

" 1 fill a bladder with coal-gas, and attach to it a jet, by which I bum a 
flame of that gas in an atmosphere of, or a bell glass tilled with, oxygen ; of 
course, the gas burns brilliantly, and we call the gas the combustible, and tbe 
oxygen tbe supporter of combustion. If I now invert tbia. common order of 
things, and (ill tlie bladder with oxygen and the beil glass with coal-gas, I 
find, that the jet of oxygen may be inflamed in tbe atmoiphere of coal-gas 
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This process meets the entire difficulties of the case as to 
time, current, temperature, and quantity. By this means the 
process of diffusion is hastened without the injurious effect of 
cooling ; aud which always takes place when the air is intro- 
duced by large orifices. 

The difference, then, between the application of air by means 
of the jet, and that of the ordinary action of the atmosphere, 
consists in the increased surface it presents for mutual contact 
in any given unit of time. Let Fig. 15 represent the section of 
a candle and Fig. 16 that of a diffusion jet. In the former, 
the gas in the centre meets the air on the exterior. lu the 
latter, the air in the centre issuing into the atmosphere of gas, 
enlarges its own area for contact mechanically, and consequently, 
jts increased measure of combustion. 

Fig. 16. 





h exactly the same geoeral phenomena as when the jet of coal-gcu ia in- 
flamed in the atmosphere of oxygen. Thia ig preeiftely your process. Vou 
admit a number of jets of air into a heated, inflammahle atmosphere, ajid so 
attain its eorabuBtion in such a way as to produce a great increase of heat, and, 
as anecessary consequence, destroy the smoke. You, in fact, convert what 
is commonly called smoke into fuel, at the time token and place where thia 
CombnBtion can be most effectively brought about." — Professor Br ande' a 
o the Author. 
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Thee we sec, that the vahip of the jH nriecs from the circuni 
stance of its creating, _/Iw iticlf, a larger surface for contnct, by 
which a greater number of elementary atoms of the combnstiblc 
and the supporter, gain access to each otiier in any given time. 

Turn the matter, then, as we may, the question of perfect 
or imperfect combustion, as fur as human means are to be 
appliet], is one regarding the nir, rather than the combustible — 
the mode in which it may be introduced, rather than the 
quantities RuppHcd — the contact of nlonis rather than of masses. 

Before concluding this notice on tlie mode of cifecting the 
combustinn of the inflammable gases, it will be right to say a 
few words on some of those recommended by others ; namely, 
such as arc founded on the erroneous idea, which appears to 
have laid hold of the minds of so many inventors of late years, 
that the gases are ctmsumable by being brought into contact 
with a body of "glotoitiff inrandescmtt fnel." This will bo 
inquired into more in detail when we come to examine the 
various plans of "smoke-burning" furnaces and boilers. I am 
here only desirous of checking that misapplication of talent and 
means which the adoption of this fundamental chemical error 
induces, and giving them a more coriDct and useful direction. 

This erroneous notion of the supposed combustion of the 
gases, (or smoke,) by bringing them into contact with a mass of 
" glowing coals," appears to liavc originated with Watt ; and, 
having been adopted by Trcdgold and others, has since |Hissed 
into a recognised principle. It appears strange, that, while so 
many have taken this as their text, or adopted it as their start- 
ing-point, none of these inventors have examined, or even 
doubted, its correctness. Yet any cheraiail work of authority 
would have informed them of the well-established fact, that 
decomposition, not combustion, is the result of a high tempera- 
ture applied to the hydro-carbon gases — that no possible degree 
of heat can consume carbon — and that its combustion is merely 
produced by, and is, in fact, its union with, oxygen, which 
latter, however, they take little care to provide. 

It is the palpable oversight of this distinction that has led to 
that manifest chemical blunder, — the supposing that the coal- 
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gas in a fitmacc is to be livmed by the act of bringing it into 
contact witli bodies at a high temperature ; or, in the words of 
the patentees, by " causing it to pasa through, over, or among a 
body of hot, glowing coals." Indeed, theeo words of Watt, 
"through, over, or among," have led more men astray, and 
have occasioned more waete of money, Iobb of time, and misappli- 
cation of talent than almost any other false light of the day. 

But, I have said, this erroneous view of the combustion of 
I the gasea began with Watt. His patent of 1785 fully justifies 
[ithis assertion.* Id his specification, after reiterating the 
injunction, that " the smoke or flame is to pass over or through 
the coked or charred part of the fuel," he sums up in these 
words: "Lafltly, my invention consists in the method of 
consmiting the smoke and increasing the heat by earning tlie smoke 
aitd Jlame of fresh fuel to pass through very liot funnels or pipes, 
or among, through, or near fuel which is intensely hot, and which 

s ceased to smoke ;^' and then follows that part of his instruc- 
iona which his successors have so strangely neglected, "and by 

aiig it with fresh air, when in these circumstances." 

It is clear. Watt had a right conception of the necessity for 
jur with the gas. His error lay in the extent to 
irhich he considered the application of heat eaaentinl to its 

Watt's patent, of 178o, (aec Repertory of Arts, vol. iv,, p. 220,) consists 
caoung the smoke or flame of the fresh fuel to pass, together with a 
current of fresh air, tlirough, over, or among fuel which has ceased to smoke, 
ur which is converted into coke, charcoal, or cinders, and which in iuWaaely 
hot, by which tlie Emoke or grosser parts of the flnme, by coming close into 
contttct with, or by being brought near unto, llic said intcosely hot fuel, and 
by being mixed with the current of fresh or unburnt air, ore comuuied or 
converted into heat, or into pure flame, free from smoke. I put this in practice 
by constructing the fire-place in such a manner that the flame and the air 
which aniiuatea tliu fire must pass downwardi:i, or laterally, or hurixuiitoUy 
througli. the burniny fuel. !□ some cases, after the flame has passed through 
the buiuing fuel, 1 cause it to pass through a very but funnel, flue, or oven 
* ' it comes to the bottom of the boiler, by which means the smoke is still 
effectually consumed." Neglecting the sound, und adopting the an- 
, part of Watt's specification, several paEfnts have, of late years, been 
out in the very words of the above. In one of these, by niesuis of 
ible furnaces, one above the other, the gas generated in the upper one is 
itually forced or drawn down by arlilicial eurn^nts through the ignited fuel 
the lower out. 
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com bastion. Hu tbllowcn aud commentators havfi neglcctcil 
that piirt of his instructione in which he was right — the " mix- 
ing witli fresh air;" and have fixed their minds on that in 
which he was wrong — the bringing the gas or smoke "Ihrmigh, 
over, or amotig intensely hot fuel." So much, indeed, was Watt 
impressed with the importance of intense heat, that he actually 
provides both for the "fresh air" and the gas passing through 
the hot fuel on the bars ; overlooking the fects, that, in that 
event, the air would no longer remain pure ; and that no heat 
to which he could introduce the air or smoke could equal that 
created in the furnace by the very act of union between the 
air and the giis; but which ho erroneously imagines can be 
aided by tlie heat of the " charred part of the fuel." 

Thus, we see the very words of Watt, where he woa in 
error, have been adopted to express the main, and, in many 
instances, the only, feature of these sinoke-buming patents; 
while the judicious part of bis instructions has been unac- 
countably omitted. 

I need only say, chemistry has since taught, that the whole 
prooees is injurious ; and that, if the intnxluction of the air be 
properly managed, the necessary heai for etfecting combustion 
will never be wanting in the furnace. 

The mere enunciation, then, of a plan for *' coumming smf^fte" 
is prima facie evidence, tliat the inventor haa not sufhciently 
considered the subject in its chemical relalitms. Chemists can 
understand a plan for the prevention of smoke, but as to its 
comhfstion, it is so unscientific, not to say impossihlc, that such 
phraseology should be avoided. The popular and conventional 
phrase, " a furnace burning its own smoke," may be allowed 
as conveying an intelligible meaning; but, in a Bcientifio 
work, or from one professing to teach those who cannot dia- 
tinguish for themselves, and who may thus be led into error, it 
is wholly objectionable. 



SECOND PART. 



f THE PUINCIPLES ON WHICH BOILEIia AND THKItt 
' FURNACES HAVE HITHERTO BEEN OONBTRUCTED. 

Having, in the preceding part of this Treatise, exauiiued the 
Hubject in reference to its chemical relations, we have now, in 
tills second part, to consider its application practically, in the 
construction of steam-boilers and their furnaces. 

It will not be disputed, that before wo are in a poeition to 
decide on the necessary proportions of any vessel, we should 
first understand the purposes to which it is destined. Hitherto, 
although the combustion of bituminous coal is admitted to be 
of the most complex character, neverthelesa, in apportioning 
the several parts of furnaces in which those operations are to be 
conducted, the slide-nth has too often been allowed to supersede 
tke rule of chemical equivalents. 

Until the appearance of the first part of this Treatise, in 
1841, there was no published work in which the combustion of 
coal, on the scale of the furnace, was treated with reference to 
its division into the gaseous and solid states, and the requirements 
peculiar to each. The only consideration appeared to be, the 
giving the coal " a free supply of atmospheric air." Watt, and 
others since his time, have acknowledged the practical difficulty 
of so introducing the air aa to effect perfect combustion ; still, 
no consideration has been given to the necessity of providing 
separate supplies to the constituents of the coal, in their separate 
states. In laboratory practice (by wldch we must submit to be 
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instmctcd) nothing would be considered more anomalous, <» 
even absurd, than dealing with any bodies in nature without 
giving attention to the nature of their constituent parts rcepeo 
tively ; nevertlielese, we have patentees affecting to economise 
fuel, and produce its perfect combustion, yet giving their atten- 
tion, exclusively, to the sevend parts of the boiler in their mere 
mechanical prop&riions. Mechanical details, however, must yield 
to tlioae of chemistry. 

Wltile tlic enlightened mind of Watt was directed to the 
employment of 8teani as a mechanical i^cnt, in the develop- 
ment of power, wc see him also studying the phenomena of 
nature in the generation and application of heat, concurrently 
with those mechanical arrangements, by which it woe to be 
made practically available. Instead of limiting his views to 
mere proportions, he regarded them only ae they were — sub- 
servient to scientific considerations. He went elaborately into 
all that belonged to the character and constituents of solid, fluid, 
and gaseous matter, as far as the very limited chemical know- 
ledge of the time admitted ; and it was in the course of thcee 
scientific researches that he became the true discoverer of the 
constituents of water. He examined the Uws which governed 
its temperature and volume ; its expansive force as steam ; and 
the measure of that heat which was again to be surrendered 
under the process of condensation. In cvcty thing we find his 
comprehensive mind kcci>ing scientific inquiries, and mechanical 
appliances in view. Hero, then, wc have ii sound and practical 
course suggested, and under which alone we may hojie to bring 
our labours to a successful isBUG. 

The inquiry before us cannot be confined to a mere comparieon 
of the several descriptions of boilers, mechanically considered. 
The merits on which, respectively, they rest their claims, must 
be examined with reference to other data, viz., their relation to 
the perfect combustion of the fuel employed — the generating 
the largest measure of heat — and so applying it as to produce 
the largest volume of steam. Apart from these considerations, 
indeed, there is little scope for inquiry. All boilers have their 
furnaces and grate-bars, on which the fuel is placed ; their flues. 
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or tubes through which the flame or gaseous products have to 
pass ; and the chimney by wliicii tbose products are to be carried 
away, and the ncccasary draught obtained. 

HithertOj those who have made boiler-making a separate 
branch of manufacture, have given too much attention to mere 
reltiiive proportions. One class place reliance on enlarged grate 
surface; another, on large abeorbing surfaces; while a third 
demand, as the grand panacea, " boiler room enouffh/' without, 
however, explaining what that means. Among modem treatises 
on Boilers, this principle of room eiiotigh, seema to have absorbed 
all other considerations, and the requisites, in general terms, are 
thus summed up : 

Ist. Sufficient amount of internal heating surface; 

2nd. Sufficiently roomy furnace ; 

3rd. Sufficient air-space between the bars ; 

4th. Sufficient area in the tubes or flues ; and 

5th. Sufficiently large fire-bar surface. 

In simpler terms, those amount to the truism — give sufficient 
size to all the parts, and thus avoid being deficient in any. 

So gravely is this question of relative proportions insisted on, 
that we find many treatises on the use of Coal, and the construc- 
tion of Boilers, laying down rules with mathematical precision, 
giving precise formula; for their calculations ; and even aflfcctiug 
to determine the working power of a steam-engine, by a mere 
reference to the size of the fire-grate, and the internal areas 
and surfaces of the boiler. Yet, during this apparent search 
after certainty, omitting all inquiry respecting the processes or 
operations to be carried on within them. 

Among those in which the subject has been treated in the 
most detailed manner, it will be sufficient to refer to the work 
of Dr. Lardner, whose illustrations, as a popular writer, have 
peculiar merit ; and whose statements may be considered as a 
summary of the practice which generally prevails. In his work 
on " The S team-Engine," while commenting on " the want of 
gmtral principles" he falls, unconsciously, into neglect of the 
very principles on which alone the inquiry should be based. 
Calliug them principles, he lays down a series of rules, or data^ 
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vhich refer, exclusively^, to meehanital prc^ariimt; bat wbich 
furuisli no guide to tlic involved opcrstlwis to be effected by 
their means. His rules for the conetructioD of Boilers &re thii» 
dogmatically laid down. 

For every ciihicfoot of witter to be evaporated per hour, oEow— 
unc square-foot of grate-bar ; one square-yard of beating euK- 
I'acc ; ten cubic feet of water- space ; five square-feet of water- 
Hurfoce ; ten cubic feet of steam-space. 

Here we have all the proportions laid down and squared, 
according to rule, as if it were the orders of architecture, or the 
proportions of a building that were under consideration, rathe* 
than of vessels, in which complicated chemical proceesee were 
to be conducted. These rules, however, will not teach us how 
best to effect the combustion of any given weight of fuel, Of 
increase the generation, transmission, or absurption, of any given 
quantity of heat. We have here laid down, sKcundum artem, tt 
scale of internal proportions, but no clue to that of the heat 
generative effect of a square-foot of grate-bar, or the heat 
transmitting power of a square-yard on internal surface. 

It may, indeed, he asked, what relation a square-foot of grate- 
bar can have to a cubic-foot of water ; or to any given weight 
of fuel? We know that under different ciromn stances, treble, 
or quadruple the amount of these proportions may be bene- 
ficially, or injuriously, found in practice ; and that even doublfl 
tliG weight of fuel may be more advantageously consumed, on a 
f^vea area of grate-bars, in one class of boilers than could be 
effected in another. 

In truth, the weight of fuel to be consumed lias no legitimate 
relation to the space on which it may be laid, and depends on 
other considerations, viz., on the quantity of lur passing through' 
it, the time employed, and the weight of oxygen taken up by,^ 
the several constituents of the fuel respectively. 

Again, it may be asked, what relation a square-yard of heat- 
ing surface has to the transmission of any given quantity of i 
heat, or the generation of any given quantity of steam ? 

It is strange that so astute an observer (tor Dr. Lavdncr doea 
not affect to be an authority), should Iiave omitted all reference 
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to thoae processes and teats, by which alone a correct estimate 
could be made of the effective value, chemically or commercially, 
of any one of the proportions he has given ; or the relation 
they bear to the functions of the furnaces or flues of a boiler. 
He has g^ven no clue to the temperature produced in any part ; 
yet temperature ia the very element and measure of efficiency. 
His calculations, in fact, have no value except in the assumed, 
but utterly erroneous data, that each square-foot of bar-surface 
was equivalent to the perfect combustion of a given weight of 
fuel, and the generation of a given quantity of heat in a given 
time ; and that every square-yard of internal surface must, 
neceeaariiy, be brought into action, and received as equivalent 
to the transmission of a given quantity of heat. He has also 
oDutted reference to the influence which internal areas have on 
the circulation of the water, and the relative volumes of mr to 
be supplied, or of gas generated, consumed, or wasted. Now 
the magnitudes and quantities which here really require to be 
calculated are cJiemiccd, not mutlte^naiical. They are not those of 
flue-surfaces, or grate-bars, but of the bodies to be introduced 
to them, the quantities in which they respectively combine, and 
the heat evolved, applied, or lost. If these quantities can be 
expressed in the terms of an equation, let it be given. Let the 
attempt be made. It cannot fail of being useful, at least in one 
respect. It will enable the boiler-maker to appreciate the 
Enjall degree of confidence to which these theories are entitled. 
In a modern treatise on the construction and proportions of 
Bteam-boQere, we find the slide-rule endowed with extraordinary 
properties. In illustration of the utter inapplicability of such 
a mode of proceeding, let us but imagine Professors Brando or 
Faraday desirous of producing, on a large scale, carbonic acid 
and water. What would be their reply, if advised, that a 
practical boiler-maker was the person best qualified to instruct 
them as to the relative ai'cas and proportions of the vessels to 
be employed, and that the sluJe-rule would save them much 
trouble, inasmuch aa it would supply the true principle which 
should govern those proportions ? Yet these processes are 
identically those which aie carried on by the combustion of 
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coal in our fiimacce. WIicd, therefore, wc sec the attention of 
the practical boiler- maker ihua directctl to mere mechanical 
(lata, can wc be surprised tliat the chemistry of combustion has 
been virtually ignored, and mode to give way to colcolations 
drawn from the diilx-rule' as here exemplified. 

Sotting asido these pueriUticS) the inquiry must bo directed 
not to the several parts of a Boiler, but to tlie purposes and 
funciims for which each part is to be conatrucUtd. Investigations 
conducted in this sjtirit, and with tlie aid which the eyt, the 
pyrwneter, and the tlurmomcter supply, would soon indicate, not 
only what should be done, but what should be avoided ; and 
shew that wliat viiva well adapted to one cla^ of boilers or 
furnaces, or one description of fuel, might chcnitcally, prac- 
tically, and economically, be the reverse as regarded other 
elaeaes. 

* " Let a -■= tlie clfectivi; heating surlkcc in wiunre yards, 
f := tlie area uf the fire grate in aqnarc feet, 
r =z^ tliu liurBc jiuwcr of tLe boiler. 
"Then, using die iIH^eJ•fcf/ri«&-^ufc, at e<mtmon rule wUh the slule reverted, 
it iniut lie set ns folluws : — 

A I Hui- Bc Power t= p | Fire g rate in «q, feet = r 

a I [loree Power ^: i- | Heating surface in square yards =; s 
" Suppose, for cxampie, that we have 10 sijuai-e yards of effective hes^ng 
surface iu a boiler, witli a tire-gratc of ii5 wjuore feet, aud wc wish lo knoir 
tlie most suitable rate to work the boiler at. Then places = 10 ono,agiiBri 
F = 25 on A, and looking to the ktt hand, the Urat two divisions of the »bim 
vuluu tliat coincide with each other (which are tiiose of 20) represent the 
hurso power, as In the example below. 

A I p = 20 I F = 25 sq. feet. 
o I p =^ 20 I s = 10 »<i. yards. 
" Again, suppose tliat a boiler is intended to drive a 30-horse engine, but it 
bus only 25 square yards of surface, and the area of the fire-grate is requtredi 
Then place 80 = the horse power on a, against the sanu: nuuiUer un a, tuul 
looking to the right hand, yuu will find, ageiust 25 yards of surface on 0, (ht 
answer to be nearly 36 square feet upou a for tliu area uf the fire-grate ; aai 
in like manner against any number expressing the square yards tif effeclive 
heatbg aurthce un o, yuu will find the niunber of square feet of lire-grale moM 
suitable for the given power upon a. In short, the inverted line o repreaenli 
a lubic of SO-hurse boilers with various quantities of surface, and tlie line A 
represeula a table of areas of fire-grat«B corresponding to those sur&cea. 
A I 30 I Fire-grates ai 34 36 30 
O I 30 I Sutliiuea 21) -20^ 20 23." 




OF THE FURNACE, AND TIIR RELATION WHICH ITti 
^SEVERAL PARTS BEAR TO THE OPERATIONS CAR- 
^'HIED ON WITHIN IT. 



In considering tlio furnace and its appendages, it will be 
necessary to distinguish the functions of each part separately, 
to avoid attaching duties, or attributing failure, to any one of 
them, for which another should be accountable. 

Id the combustion of bituminous coal we liave seen there are 
two distinct bodies to be dealt with, the one a solid, the other a 
gaseous body, — these necessarily requiring distinct processes. 

On a charge of coal being thrown into a furnace, the heat by 
which the distillatory, or gas-generating process ia effected, ia 
derived from the remamiyig portion of the previmis charge, then in 
an incandescent state on the bars. This process corresponds 
with what takes place in the gas works, where the coal inside 
the retorts is acted on by the incandescent fuel outside of them. 
This demand for heat in the furnace is, however, confined to 
the commencement of the operation with each charge. The 
heat required for continued gasifaetion is, or ought to be, ob- 
tained chiefly from ihejlame itself; as in the case of a candle, 
where the gasifaction of the tallow in the wick is derived from 
the heat of its ownjiame. This operation shews the importance 
of auataining a sufficient body of incandescent fuel on the bars; 
and in particulai-, when a fresh charge is about to be thrown in. 
Allowing the fire to run too low, before a fresh charge, niust 
be attended with the same injurious effects as allowing the 
beat which surroimds the retorts to fall below what would be 
required for the continuous and uninterrupted generation of 
gas after they are recharged; — namely, loss of time and duty; 
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the object being, in both cases, to obtttin the greatest qiiniU^ 
of gas from a given weight of coal, i>i a giwrt time. 

Witii reference to the proportions of the Beveral parte of X 
furnace, we have two points roqniring attention; first, A) 
suprrficial area of theffrate, for the retaining the solid fnel or coke;i 
and, second, (he necHonal area of Ike cliamber above the fud, foE 
receiving the gaseous portion of the coal. 

As to the area of the ijrate-hars, seeing that it ia a »eHd hoifi 
that is to be laid on them, requiring no more space tfaao it a* 
tually covers at a given depth, it is alone important that it b* 
i}ot too lary:. On the other hand, as to the area of Ike chanAer 
above the coal, seeing that it is to bo occupied by a ffoseoUi 
hody, requiring room for its rapidly enkt^mg volume, it is ii 
portant that it be not too small. With reference to the areas of 
the other parts of the boiler, it is manifestly impossible, A priorti 
or with any pretensions to correctneaa, to lay down spe(nfie 
rules, since the weight of fuel that may be placed, or coneame^, 
on any squiirc foot of such eurliice, must depend on numeront 
other contingencies. Indeed, to lay down any inflexible rale ol' 
proportions would be aa inappropriate as to impose on the chi* 
mist certain iimthematical formulfc for the shapes or capacities 
of the vessels employed in the laboratory. So soon as all that 
belongs to the introduction of air to the two distinct bodies to it 
consumed, (the gaa and the coke,) shall have become systeia* 
atized in practice, the supposed difficulties in the apportioning 
of sizes and areas will vanish, and the effecting perfect combus- 
tion in thc^umacf, will become as much a matter of course, H 
it now ia in our tjas burners. So long, however, as beginning 
at the wrong end of the question, we attempt determining tha 
proportions of the several pai-ts of the vessels to be employed, 
before we have considered what is to be done toithin them, we must 
continue in our present state of uncertiunty. 

As to the best proportion for the grate, this will be the 
easiest of adjustment, as a little observation will soon enable 
the engineer to determine the extent to wliich he may increase, 
or diminish, the length of the furnace. In this respect the great 
desideratum consists in confining that length within such limits 
that it shall, at all times, be well and uniformly covered. This it 
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Me t^aoltcte condition, and line qua non of economy and efficieaey; 
yet it is the very condition which, in practice, is the most neg- 
lecteJ. Indeed, the failure and uncertainty which has attended 
many anxiously conducted experiments has moat frequently 
arisen from the neglect of this one condition. 

If the grate-bars be not equally and well covered, the Mr 
ivill enter in irregular and rapid streams or masses, through the 
uncovered parts, and at the very time when it should be t/iere 
most restricted. Such a state of things at once bids defiance 
to all regulation or control. N'me, on the control of ike snpply 
of air depends all fJtal human skill can do in effecting perfect com- 
histion and economy ; and until the supply of fuel and the quan- 
tity on the bars be regulated, it will be impossible to oontrol 
the admission of the air.* 

On this head, it is of every-day occurrence that complaints 
arc made of the introduction of the mr being attended with 
decreased evaporation, or increased consumption of fuel. The 
complainants, however, should understand that they are them- 
selves the direct cause of these effects, and by mere hiuitenttmi 
to the state of Oie furnaces. They overlook the fafit, that while 
they are complaining of the effects produced by the introduction 
of certain limited quantities of air in the right place, they allow 
their firemen to leave much of the furnace grate uncovered ; 
thus affording the shortest and hottest possible route for the 
introduction, perhaps, of double the volume that could possibly 
be required. So, if an engineer undertake to irrigate a piece 
of land, and after having given much consideration to hia levels, 
and the area of his sluices, he finds that the owner had allowed 
his labourers to introduce such an excess of water in sime other 
quarter as to mar the whole process, with what justice would 
he complain that harm, instead of good, had been effected ? 

of the great waste of heat and the consequent reduction of 
temperature in tlie flues, arising from the single circumstance of 
allowing the incandescent fuel, towards the end of the charge, 

* Tliis necessarily Buggesls the imporlance of feeding' the furnace by 
meekanical means. Here, then, is a legitimRte direction for the ingenuity of 
patentees. Tlie principles on which a mechanical feeder should be based will 
be hereafter considered. 
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to ran too low, or be irregularly diBtribated, Uw experiiti«it of 

Mr. Ilouldswortli, as shewn in the annexed dtj^ram (page 49,) 
is highly inetructivc, and mcrita the most attentive considera- 
tion. This experiment was made exprc^gly for the Bfitiah 
Association assembled at Manchester, in 1842. 

By this diagram it will be seen, that ou a charge of 3 cwt. of 
oool being thrown on the furnace, the temperature in the flae 
(as indicated by the pyrometer) rose, in 25 minutes, from 750° 
to 1220", when it began to fall, and descended to 1040°, the 
fuel not having been dUturbed during 75 mmiites. At this stage, 
however, a remarkable change took place. Perceiving the tem- 
perature in the floe to have become bo low, Mr. Houldsworth 
had '* (ke fuel levelled" that is, had it more equally distributed, 
and the vacant spaces covered. The effect was (as shewn in 
the diagram) the sudden rise in the temperature from 1040° to 
1150°, at which it continued during 10 minutes, when it 
gradually fell to 850''. 

The upper line of the diagram represents range of temperature, 
Mr being admitted, on Mr. Williams' plan, behind the bridge, 

The lower line of the same represents range of temperatare> 
air being included, common plan. 

Two important ([ueationB are here raised, viz. — why did the 
temperature in the flue fall, after 25 minutes, from 1320° to 
1040"? and why did it suddenly rise to 1 \50°?— miking wlutlever 
having hem dotie, with the excepliim «/ llUi one nu'Vemcnl — tlie having 
"the fuel levelled." This movement, however, is the key to the 
whole, — au increase of temperature of no Ices than 110° being 
thus obtained in the short space of 2^ minutes, — not by any 
addition of fuel, or mere rapid combustion, but merely as 
the result of having " Ote fitel levelled." The cause of these 
remarkable alterations of temperature then were, first, the 
admission of an excess of air in irregular and uncontrolled quantities 
thrmigh the uncovered portion of the bars ; — and second, the mere 
check put to that evil, by their being more equally covered 
with the fiiel.* 



* Ab the use of the pyrometer is of the highest importance, not merely for 
eijieriraentol pnrpOBes hut for all hoiiers, and for general usCj whenever it 
introdaced, the simple but vnlunble inatrument which it used by Sit. 
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i observed Uiat when s '< 

exhausted, or begins to bum in k"les, the evil increases itself by 
the accelerated rapidity with which the wr enlarges the orifices 

Ilouldiworlh, and by whk-h be obtained ihe ftbove results, ia here giTeu &ora 
au iiiureetlng pBjier on "The Cotiiuniption of Fuel and the Prerention of 
Smoke," read before the Britisli AMociatinn by William Fairbum, Esq., C.R, 
F.B.3. 

" For tbeee experiments we are indebted to Mr. Henry Houldsworth, of 
Manchester ; and, having been present at several of the esporimenls, I em 
vouch for the accuracy with which (hey were condacted, and for tbe very 
wtisfitctvry and imporlant results deduced therefrom. 

" Id giving an oc^ouut of Mr. Houldsworth's eiperimeots, it will be neee*- 
■ary to deacribe the instrument by which they were mode, and also to shew the 
iDediods ulopted fur indicating the tempei^ture, and tbe changes nbich take 
place in the surrounding flues. 

" Tbe apparatus consists of s simple pyrometer, with a smalt bar of copper 
or iron (a in the following sketch) fixed at the extreme end of the boiler, anil 
projecting through the brick-work in front, where it is jointed to the arm of 
an index lever b, to which it gives notion when it expands or contracts by 
the heat of the fine. 
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" The instmment being thas prepared, and the bar supported by iron pegs 
driven into the side walls of tbe flue, the lever (which is kept tight upon the 
bar at the point e by means of a small weight over the pulley at if) is atlached, 
and motion ensues. The long arm of the lever at d gives motion to the 
sliding rod and pencil./; and by thus pressing on the periphery of a slowly 



it has thus made for its own admiaeion, cauaing a stiU more 
rapid combustion of tlie fuel around the uncovered parts, and 
at the very time when these orifiees should have been closed. 

revDlving cylinder, a line ia inscribed correBponding with the measurements of 
the long ann of the lever, and indicating the variable degrees of tempemture 
by the expansion and contraction of tlie bar. Upon the cylinder is fixed a 
eheet of paper, on which a daily record of the temperature beuomes inscribed 
and OQ.nhicli are exhibited the change as well as the intensity of heat in the 
flues at every moment of time. In using tliis instrument it has beeu usual W 
fix it at the medium temperature of 1000°, which, it will be observed, ia an 
assumed degree of tlip intensity of lieat, but a sufficiently near approximation 
to the actual teraperatnre for the purpose of ascertainuy the variatitms which 
take place in all the different stages of combustion comeijuent upon the acts of 
charging, stirring, and raking tkefrex." 

Mr. Fairbum then gives two interesting diagrams exemplifying the result 
of experiments made by the aid of the pyrometer, and continues — 

" On a careful esamination of tbe diagrams, it will be found that tlie first 
was traced without any admixture of air, except tliat taken throngh the grate- 
bars; tbe other was inscribed with an opening jbr the admission of air throngh 
n difiiisiug plate behind the bridge, as recommended by Mr. C. W. Williams. 
The latter, No. II., presents very different figures: the maximum and mini- 
mum points of temperature being much wider apart in the one than the other, 
as also tbe fluctaatioos which indicate a much higher temperature, reaching 
as high as 1400", and seldom descending lower than 1000°, giving the mean 

of nco". 

" Now, on comparing No. II. with No. I., where no air is admitted, it will 
be found that the whole of the tracings exhibit a descending temperature, 
seldom rising above 1100° aud often descending below 900°, the mean of 
which is 075°. This depression indicates a defective state in the process, and 
althou^a greater quantity of coal was consumed, (2000 !ba. in 396 minutes 
in tbe No. II. experiment, and 1S40 lbs. in 406 minutea in No. I.,) yet the 
disparity is too great when the difference of temperature and loss of heat are 
taken into consideratiou. As a further proof of the imperfections of No. I, 
diagram, it is only necessary to compare tbe quantities of water evaporated in 
each in order to ascertaiu the difference, where in No. I. experiment 5.05 Iba. 
of water are evaporated to the pound of coal, and iu No. II. one-half more, 
or 7.7 lbs. is the result. 

" Mr. Houldsworth estimates the advantages gained by the admission of 
air (when properly regulated) at 85 per cent., and when passed through a 
fixed aperture of 43 square inches, at 34 per cent. Tlua is a near approxima- 
tion to tbe mean of five experiments, which, according to the preceding table, 
gives 33^ per cent., which probably approaches a.s near tlie maximum as can 
be expected under all the changes end vicissitudes which lake place in general 
practice." 

Here are practical results from unexceptionable quarters, and although 
they have been so many years before the j>uhiic, neverthelesB, smoke burning 
obsfTvations and hot air fallacies continue to be listened to, and dearly 
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Hod it been poaeibic, in Mr. Houldawoitb's experiment, to 
have preserved the fuel contmaouslj, and uniformly spread, 
throughout the charge of 100 minutes, the diagram would have 
indicated a more uoifonn line of temperature, as marked by the 
dotted tine, and, consequently, have produced a higher average 
range of heat in the ilue. 

M. Peclet,* in his elaborate work appears to have given mncb 
attention to the necessity of having the fuel on the bars at all 
times, in the most uniform slate, and thus avoiding any irregu- 
lar or exocaaive local admisaion of air. 

With reference to the rate of combustion, and the weight of 
fuel to be laid on each square foot of bar-surface, this continues 
to bea debated point. Mr. Croddock, in alate publication {On 
the Ckemuiry of the Steam Engine, practically eontidertd,) ob- 
serves : — " There would be no great difference in the steam- 
generating efficiency of a large grate-surface and a slow 
draught, or a small grate-surface and a very quick draught; 
as in our present locomotives." 

No correct inference, however, can be drawn from this state- 
ment, aa he has omitted to explain what is meant by the term 
" fffidency.^' Whether it lias reference to the fitel employed, 
or the time employed : — to tlie weight of water evaporated by a 
given weight of fuel, or Ote time occupied in producing that ef- 
fect. Slow cojiibuslioJi will be most econoruicul as regaAs the 
fuel employed, as in the Cornish boilers ; wliile rptick combiiftvm 

* " To produce a good anil useful effect, furnaces should, at all tineB, bom 
the enme qoantity of fuel, ainc; the variations in the coneumption, caused by 
Ibe use of dampers, nhich cannot be made to follow the variations in the 
thickneu of the bed of fuel, alwaya cause the passage of a large volume of 
air that would be unnecessorj for combustion." 

Agtun he observea, — " I am convinced, that in a great number of aleam- 
boilers, more than a tliird of the beat is lost, principally by the introduction 
of too i^reat an excess of air. It is evident, that to this circumslance may be 
attributed the singular feet observed by many Engineers, — that in certain 
descriptions of boilers, the eifect produced by the snrfecca which are heated 
by eimtact with the burnt air, (as in the tubes) is but one-third part of that 
produced by those eurfeces which are heated by radiation, aa in the fire-box 
or furnace." — Traili de la Ckaleur, ciinnitlFrie dang ten Applicattont, par 
E. Piclet, Ijigpecteur General de I'Univergite, appliqiUe aux Arts & 
I'Eeole Centrale, ^c, Parln. 
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will bo most bo as regards the Imc ^nphyed, as in the loco- 
motive and marine boiler. As the weight of Ike water evaporated 
ia in the one case over-nited, so the titne employed is %md&r-rated 
in the other. The mean between the two false estimates will 
then be the true exponent of the relative commercial value 
of the two operations. 

The view of the subject, as stated by Mr. Craddock, is cer- 
tmaly not supported in practice. By spreading fuel over " a 
very large surface," the facilities are increased for the admiaaion 
of a local and wasteful excess of air in numerous small, but ag- 
gregately large, quantities, the injurious effect of which in 
(he flues cannot be too strongly enforced, as was so clearly de- 
monstrated in the pyrometer experiment of Mr. Ilouldsworth. 

It ia true, by these mechanical contrivances, by which the 
fuel is thinly and continuously spread over a large surface, 
there would be less tendency to the formation of dense smoke, 
because the quantity of air introduced over that extended sur- 
face, being so much greater than ia chemically required, the 
volume of flame is considerably reduced, and, consequently, the 
volume of smoke.* We must not, however, deceive ourselves 
in this matter. The avoidance of dense smoke by these means 
must be attended with the production of less available flame 
and heat, relatively with the area on which the fuel is spread, 
from the extended and attenuated temperature in the furnace 
chamber. [The relative merits of these mechanical contri- 
vances will be examined in their proper place.] 

Many trustworthy manufacturers, having tried the system 
of revolving grates, moving bars, and self-acting feeders, and 
having found them unaccompanied with the nuisance of smoke, 
are hence led to infer that they have produced perfect com- 

• A familiar illustration ofthia may be seen ia the flame of a caodJe. If 
we walk gently, cariyin); a uanille, t)ie current of air induced by our motioa 
cools the flame. The upper part then becomes red, and is converted into a 
stream of smoke. If, however, we walk briskly along, that elongated lurid 
flame becomes miUdeiily short, clear, and without smoke. This cliLinge p.ilsco 
from the great access of uir to which the flame waa then exposed. This is 
preciiely the effect produced by introducing an exoess of air through an ex- 
tended, but thin, body of fuel on the bars. 
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bustion of the fuel, aad economy in its applicatJon. This error 
will be commented on in the succeeding chapters. Without 
derogating from the merit due to such inventions, mechani- 
cally and practically considered, it will, however, be found that 
tliese, and such appliances, are but espedients for avoiding the 
consequences of the first error, namely, the wgUrt of supplying the i 
gaseous prodwts of the rial with i/sproperqimnlHi/o/air I'w th/t right j 
teay. In a word, having first made a serious blunder, we endeavour 
to escape its consequences by ingenious and even costly contri- 
vances, and actually bestow on them the merit of having rightly 
worked out the ends and procesfies of nature. Yet, with equal 
truth might we designate the nostrums of quacks as the true 
means of securing a healthy state of body, while they were but 
so many palliatives of the cfFt'ct of previous or habitual errors. 

Having spoken of the grate-biir surface-, and what is placed on 
it, we have next to consider the chamber part of the furnace, 
and what is formed therein. In marine and cylindrical land 
boilers, this chamber is invariably made too ehalluw and loo 
restricted. 

The proportions allowed are indeed so limited as to give it 
rather the character of a large lube, whose only function should 
be, the allowing the combustible gases to pass through it, rather 
than that of a chamber, iu which a series of consecutive chemical 
processes were to be conducted. Such furnaces, by their dimi- 
nished areas, have also tliis injurious tendency, — that they 
increase the already too great rapidity of the current through ] 
them. The defect of insufficient capacity in the chamber of the 
furnace, above the fuel, will be best appreciated when we con- 
sider that in it the gaaes are generated, — their constituents 
separated, — each brought into contact with the oxygen of the 
air, — and, finally, their combustion effected. 

The constructing the furnace chamber eo shallow, and with 
such inadequate capacity, appears to have arisen from the idea, 
that the nearer the body to be heated was brought to the source 
of heat, the greater would be the quantity received. This is / 
up doubt true when we present a body to be heated iu front/ 
of a fire. When, however, the approach of the colder body 
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will have the direct effect of interfering with the processeB 
of nature, fas in gaaeoua combustion, ) it must manifeatly be 
injurious. Absolute contact with flame should be avoided where 
the object is to obtain all the heat which could be produced by 
the conibuation of the entire of the constituents of the fuel." 

When, however, the object is merely to raise a body to a 
high temperature by local application, as when we heat a bar of 
iron in a forge, or a flame, and without reference to the quan- 
tity of heat produced and wasted ; in such cases, direct contact 
becomes necessary. So much, however, has the supposed value 
of near approach, and even impact, prevailed, that we find the 
spoKie behind the bridge, frequently made but a few inches 
deep, and bearing the orthodox title of the jlains bed, as in 
Fig. 19. Sounder views, however, have shewn that it should 
have been made capacious, and the impact of the flame avoided. 
This will be enlarged on hereafter. 




* On tliiB point Dr. Ure obserrea, " When a boiler ifl 
bottom should not be sot too near the grate, lest it relVigcrote the flame, and 
prevent that vivid eombnstion of the fuel ao eaBential to the moinmuro pro- 
duction of heat by its means. The evil influence of leaving loo little room 
between the grute and the copper may be iliuBtrated by a verj simple expe- 
riment. If a amatl copper or porcelain capsule, containing water, be held 
over the flame of a candle a little above its apex, the flame will Buffer no 
abatement of brightness or size, but will continue to keep the water briskly 
boiling. If the capsule be now lowered into ike miildle of the flame, this 
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So little attention has been given to this part of tbe sabject, 
that we find the practice adopted in locomotive furwiMs ia directly 
at variance with that in marine and lajut boilers. In marine fur- 
naoee, using bituminous coal, aud where, for chemieal reasons, 
lai^e capacity in the chamber is nn absolute eseential, it is, 
nevorthelese, made iliallotu, narrow, and hmg. In loamolives, on 
tbe contrary, where no similar gaseous operations arc carried 
on, the chamber (^called the fire box) is deep, wide, and short. 
Thus the foniier is deficient in the capacity which is there an 
essential ; while the latter has it in abundance, though not ab- 
solutely necessary. 

This anomaly is illustrative of the absence of due inquiry 
when the loamotive tubular system was inadvertently introduced 
into marine boilers, as will be shewn hereafter. It is here only 
necessary to odd, that as bituminous coal cannot efiicteutly, or 
economically, be employed, except on the condition that the 
gaseous as well as thu Jixed portion be supplied with the air neces- 
sary for combustion ; so it is essential that adequate space, or 
area, be provided in the furnace for the due performance of 
such duties, 

As a general rule, deduced from practice, it may be stated, 
that tlic depth between tlie bars and the crown of the furnace 
should not be less than two feet six inches where the grate is but 
four feet long ; increasing in the same ratio where the length ia 
greater : and, secondly, that the depth below the bars should not 
be less, althougii dcjith is not there so essential either practically 
or chemically. 

will ininiu<lmU.'ly loso iU briglitaew, IxKHimiug dull and amoky, covering the 

bottom of the capBulc witti soot ; and owing la lliu ini]H.Trout combustjon, 
though tLc wuter ia now aurruundud by tic flaoic, ita ebullitiiin will cease'' 




OF THE INTRODUOTION OP THE AIR TO THE COKE, 
OR FIXED PORTION OF THE COAL IN A FURNACE, 
PRACTICALLY CONSIDERED. 



With reference to the volume of air required for the combus- 
tion of the coix of a ton weight of coal, independently of the 
ffas, there can be neither doubt nor difficulty. There is but one 
body, or combustible, to be dealt with, viz., the carbon : bo there 
ia but one supporter of combustion reriuired — the oxygen, of the 
air. Any difficulty that may arise, therefore, in practice, cannot 
be a chemical one, and must be the result of some impediment 
mechanically introduced. 

We have seen that in combustion, atmospheric air is the 
largest ingredient ; yet, it is just the one to which, practically, 
the least attention is given, either as to quantity or control. 
This surely is not in accordance with the scientific status of the 
age. Indeed, the practice of the present day ia in direct oppo- 
sition to what science dictates ; and may be compared to that of 
a chemist, who, though requiring precise proportions and equi- 
valents, both in weight and volume, of two ingredients, for pro- 
ducing a given result, should nevertheless be particular as to 
providing the one, but regardless as to the other. 

Mr. Craddock, with the view of refuting the objections to 
the tubular boiler, observes, " If chemistry did not teach us 
that the rate of combustion produced in the furnace is dependent 
on the fjuantity of air passing through it, every day's experience 
would soon convince ub of this." Now, chemistry certainly 
does not teach, nor docs experience justify, any such inference. 
What both teach is this, that combustion depends not on the 
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quantity of uir pasemg through !t, but on th« weight of atygm 
lehieh is taken up in the passage. Id truth, the quantity of 
air passing tlirough it may be even destructive of combostion, 
when in excess of the demand of the fuel, if improperly intro- / 
duced. 

Again, he observes, " This being the case, the matter stands 
thus : —■ the quantity of heat generated is dependent upon the 
quantity of air admitted : so aUo is the quantity of steam pro- 
daced dependent upon the greater or less intensity of the fire." 

Neither chemistry nor experience justify these inferences. 
The quantity of " heat generated " is dependent on the relative 
weight of hydrogen first, and carbon afterwards, chemically am- 
lined with their equivalent weights of atmospheric oxygen. 
The quantity of air admitted may, indeed, actually diminish 
the quantity of heat generated. So, " the quantity of steam 
produced" does not| depend on the "intensity of the fire," but 
on the quantity of heat absorbed by the water, as will hereafter 
be explained. 

Wore there nothing else requiring attention, in the use of 
coal, than the combustion of its fixed carbon, (as in the fire-box 
of a locomotive) nothing further would be necessary than the 
supplying the air through the grate-bars to the fuel on them. 
In the use of coal, however, as there is the (/as also to be gene- 
rated and consumed, any excess of air, or its injudicious intro- 
duction, though it might not affect the combustion of the carbon, 
must necessarily interfere with the quantity introduced for the 
use of that gas. 

As to the quantily of air chemically required for the coke, or 
fixed portion of the coal, after the gas has been expelled, it 
has already been shewn that every Gibs, of carbon requires 
IGlbs. of oxygen. Now, the volume of atmospheric air which 
contains 16lbs. of oxygen is estimated at about 900 cubic 
feet, at ordinary temperature. Taking, then, bituminous coal 
as containing 80 per cent, of carbon, we have 1600 lbs. of coke 
(the produce of 20 cwt. of coals) requiring its equivalent of 
oxygen, and which will be equal to 240,000 cubic feet of airj 
since, as 6 : 900 : ; 16 : 240,000. This great quantity of air 
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required for the exclusive use of tlie coke on the hurs, must, 
therefore, be passed upwards, from the ash-pit, the product 
beiug transparent carbonic acid gas, of a high temperature. 

In this process no error can be committed. The carbon 
remains quiescent, and without cotnhustion (wholly irrespective 
of the temperature to wliich it may be raised), until each atom 
shall, Buccessively, obtain contact, and combine with its equiva- 
lent of oxygen ; becoming, aa it were, the winga by which it ia 
literally to be carried away, in the shape of carbonic acid. Of 
itself, and without the aid of such wings, it had no power of 
movement, escape, or combustion. 

The conditions under which coke enters into union with 
oxygen, and the singleness of the process, marks strongly the 
distinction between its use in the locomotive, and that of coai 
in the marine, or land boiler. In the former, there is but one 
operation, as here shewn ; in the latter, however, there are the 
several gaseous operations, all of which require systematic 
management. 

In supplying the air to the coke, and to avoid the admission 
of a larger quantity than is legitimately required for its own 
combustion, the principal point requiring attention is, the pre- 
serving a nnifunn mid siijirieni body of fuel on the bars, as noticed 
in the last chapter ; thus, to prevent the air passing through the 
fuel in masses or streams, by which a cooling effect would be 
produced, injurious to the generation and combustion of the 
gas. Where anthracite is used, as in the United States, and 
which ia composed chiefly of carbon, the practice is to keep a 
body of it on the bars of from 7 to 12 inches deep. If this 
depth of anthracite is advisable, it will hereafter be explained, 
tat a greater depth is requisite with bituminous coah 





'^^B MEANS OF INTRODUCING AIR TO THE 
GASEOUS PORTION OF THE COAL. 

Having spoken of the air required for (he wAe of a ton of 
ooal, wc have now to consider the quantity reqiurcd for tlie gas 
of the same. Here we enter, unquestionably, od the most 
(lifHcult branch of the inquiry. 

It has been shown that each cubic foot of gae reqaires, ah- 
aolutely, the oxygen of ten cubic feet of atmoBpheric air. By 
the proceeds of the Gas Companies, we learn, that 10,000 
cubic feet are produced from each ton of bituminous coal: this 
neceBsarily requires no leas than 100,000 cubic feet of air. 
Adding this to the 240,000 cubic feet required for the coke, 
we have a gross volume of 340,000 cubic feet as the minimum 
quantity absolutely required for the combustion of each ton of 
coal, independently of that excess which will always be found 
to pass beyond what is chemically required. 

As it continues to be asserted that this great volume of air, 
might, under management, be introduced through the Jire hars 
and superincumbent fwl, the question demands a closer exami- 
nation. A little consideration, however, will shew, that such a 
proceeding would be not only opposed to all chemical ex- 
perience, but that it involves a physical impossibility. 

It will not here be necessary to prove, that a body of aa 
could not pass through a mass of incandescent coke, without 
being deprived of the entire, or a large portion, of its oxygen: 
as well miglit we expect that aJr would pass through the lungs 
of one human being, and yet contain the necessary quantity of 
oxygen for the support of life in another. 
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Before a freeh charge of coal is thrown in, there wUlf or 
should be, as already observed, a sufficient body of clear and 
highly heated coke remaining on the bars. After the charge 
has been made, a large volume of gas will be generated ; and, 
consequently, an equivalent quantity of pure air will be re- 
quired for ita combustion. Now, at this stage of the procesSt 
and by reason of the mass of fresh fuel thrown in, the passage 
of the air through it must then, necessarily, be the most re- 
stricted. Thus the smallest quantity of air would be enabled 
to gain admission, simultaneously, with tlie greatest demand for 
it; and the largest generation of gas, simultaneously, with the 
most restricted means of enabling the tur to obtain access. 
Were there no other considerations, these alone would be suf- 
ficient to shew the absolute necessity of providing some other 
channel for the introduction of the air for the gas, and the im- 
possibility of introducing the requisite quantity in that direction. \ 

Aa the obtaining the largest measure of heat from any given , 
weight of coal, turns exclusively on the introducing the air in 
the proper quantity and manner, this, in fact, becomes the car- 
dinal point in the inquiry ; and on this point have the greatest 
mistakes been made. Watt in his early patent (1785) sought / 
to introduce the air through the body of fresh coal placed in front / 
of the furnace. Chemistry, however, has since shewn, that not 
one hundredth part of the required quantity could be so in- 
troduced. ' When Watt was engaged in considering the gene- 
ration of steam, concurrently with the use and economy of fuel, 
all waa uncertainty as to the proportion of air, chemically 
required for its combustion. The scientific world had hut a 
vague idea of the relations between the combustible and the 
supporter of combustion. The all-important system of chemical 
equivalents which now forms the basis of our knowledge, as to 
quantitiea, was not even suspected. Since then, however, by 
the (Kscoveries of Higgins, Dalton, Davy, and their successors, 
uncertainty has given way to certainty, and wc arc now as sure 
of our results as if we had, physically, the power of handhng 
and combining, at will, the several elements which enter into 
the compoHtion of bodies. In the language of Stockhardt, 
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" Previonsljr to tlie discovery of tlie laws of eqnivalent propor- 
tions, hardly fifty years ngn, it coulii only be ascertained by 
laborious triaU, how much of one body wae required to combine 
with another, or to replace another. It is now only Deceseary 
to refer to the table of the proportional or equivalent numbers, 
to ascertain, and beforehand, the quantity to be employed," 

Had Watt been ex|)erimGnting on the combustion of coal, 
with the accurate knowledge we now jrassess, he certainly 
would not have neglected (ae is the case in the present day) the 
providing the relative qaantitles of the ingredients, air being 
one of them. 

We may hero imagine the amazement which Watt would have 

experienced, had the following formula; been presented to him. 

" Organic substances have an incomparably wore ei/mjiHraled 

ronstitutiou thao in the organic compounds, as the following 

examples shew: 

I'iR. a). " From the woU known amber, a peculiar acid, 

'. acid, is obtained, which cnniiists of four 
atoms of carbon, two atoms of hydrogen, and 
threo atoms of oxygen, and has accordingly the 
formula C. H, O. (see Fig. 20). 

" If one atom of oxygen is added to this, we 
have the constitution of malic arid = C. H, O* (see 
Fig. 21). 

Fig. 22. 
^SXQXQXfl)(jC() " If one more atom of oxygen is added, that 
of hrhinr acid = C, H, O, (see Fig. 22). 
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Fig. 23. 
^VW^qYoYOXO) " ^^*^ ^y adding yet another atom of 
oxygen, that r>? formic acid= C. H, 0»(Bee 
Fig. 23). 

IH;^ " ^"^ °" ^^^ other hand, if one atom of hy- , 

^H^«-*-y drogen is aJde<i to the succinic acid, which was 

the starting-point, the constitution of ncf-Hn arid is 
obtained = C, H, O, &c. (sec Fig. 24). 
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" Sugar, starch, and wood have preciaely the same conBtitiition, 
namely, Co H, Oj : they are isomeric. If we imagine these three 
elements grouped together in different ways, as for instance : — 
in wood : 




'* Here, then, we can form an idea how one and the same 
quantity of the same elements may combine, forming such very 
different bodies," 

With reference to the volume of air to be introduced, Pro- 
fessor Daniel] observes, that it will bo necessary, even in labo- 
ratory practice, to supply twice the quantity that would, strictly 
and chemically, be required. Now, taking the minimum quantity 
of air, at atmospheric temperature, (for the giis of one ton 
of coal) at 100,000 cubic feet, to form an idea of what that 
quantity is, it will only be necessary to say, that it would fill 
a tube of 12 inches square (the area of ordinary fire doors),/ 
and of no less than 20 miles lu length. This will enable us to 
consider practically the great body, or bulk, we have to deal 
with, and the diiBculty of effecting its introduction. 

The introducing the required quantity of air will necessarily 
depend, first, on the area of the orifice through which it enters ; 
and secondly, the velocity at which it passes through that area, j 
/ It has been stated that the aperture for the admission of the / 
I required quantity should average from one half, to one square 
1, inch for each square foot of yrale-har surface. 
/ So entirely disproportion ed, however, is the area here slated, 
/ that it would not supply one-fourth the quantity absolutely 
' required; much less that additional quantity which we have 
I Been must of necessity pass with it. 

'{ There seems, then, to have been some serious oversight^n 
making these calculations. Practice and experiment prove 
that instead of an area of one aqiiare inch, no less than fromfottr 
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» aquan imduM far each square foot of foroace will be 
required, according to the gaa-generative quality of 
and the extent of the draught in each particular case. 

In examining the tables of results supplied by experimenters, 
the cftUBO of their error may be traced to a mistake in the 
estimated velocity of the heated gaseous matter pa9«ug throng 
furnaces to the chimney shafts. As this lias, in many inatancca, 
been adopted on the Biipiwaed authority of Dr. Ure, it is right 
to state, that the error ap[>eara to have originated in taking 
what that accurate chemist and experimenter had given, — not 
08 pracliml, but as theorefic results,' 

It is to be observed, that we arc not here determining (as 
Dr. Ure was) the velocity of the current of keaied gaseous 
products passing CJiruuyh the JIm.i of a funiace.y or escaping by a 
shall of any given height. It is not the rgr^'ss of intensely 
heated products that wc are considering, but the ingress of air 
at merely aimosphfrir. tmtperatnre and pressore; and further 
subject to all the consequences of impeded motion from friction, 
in passing through numerous small apertures. 

The following tublc of relative velocities of the air on enter- 
ing, will illustrate the joint influences of current and area 
through the admission orifices. 



^H well -con 



Air aperture [wr 

Bqnare foot of 


Velocity per m- 
omd of iD^rcm 


Cubic foet per hour 
entering through 


For every too of 
Cool In cuUe 


minauB ixuil. 


60". 






Square inchcu. 


Mil. per second. 


Cubic feut. 


Cubic feet. 


C 


6 


7.500 


75,000 


6 


10 


15,000 


150,000 


G 


20 


30,000 


300,000 


5 


5 


(!,250 


C2,5O0 


5 


10 


12,500 


125,000 


5 


20 


25,000 


250,000 


4 


5 


5,000 


50,000 


4 


10 


10,000 


100,000 


4 


20 


20,000 


200,000 



Blatemeut is as foUon-3 :— " The quantity of air passing through 
well-conitructed furnaces may, in general, be regnrJeil ss double what " 
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Now, suppose a furnace meaeuring 4 x 2/6 = 10 equare feet 
of eurfuce, and witli moderate drauglit, this will be adequate to 
the combuBtion of 2 cwt. of coal per hour ; — the gas from 
which will require 10,0(10 cubic feet of air. To supply that 
quantity, within the hour, will require the following relative 
areas of admiBsiou, and velocity of current, viz: — 



Velocity of current ^wr 
second of air enteriDf; 
the furnace. 



Area of aperture, in 
square inches, per foot 
of furnace. 



If at 6.66 feet per second, will require 6 square inches. 



From this we ace the absolute necessity of ascertaining the 
practical rate of current of the air whe-n mtering, before we can 
decide on the necessary area for its admission. Hitherto no 
estimate has been made respecting these proportions on which 
reliance can be placed. 

With reference to the mode of introducing the air, it ie not 
a little remarkable, (bo slow is scientific progress when opposed 
to established custom) that many, to the present, overlook, or 
even dispute the difference in effect, when it is introduced 
through one, or niunerou^ orifices. In illustration, then, of the 
effect of introducing the air in a divided form,, let us take the 
case of a boiler furnace of modem and approved form, where 

rigoroueiy necessary for combustion, and the proportion of carbonic acid 
generated, therefore, not one-half of what it would he were all the oxygen 
combined. The increase uf weight in such burned air of the temperature of 
212'' being taken into account will give 10 yarda or 57 feet per second for the 
velocity in a chimney 100 yards high incased in steam. 

"Such are the deductions of theory; but they differ considerably from 
pr&ctical resolts," Describing the many sources by which tile theoretieal 
Telocity was diminished, be gives tlie result of a series of experiments in 
which the velocity per second was as follows: — 

" The chimney being 45 feet in length, the temperature of the thermometer 
being 68° Fabr. the velocity per second was — 
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:6'4 feet 



feet 



100 Fabr. 



66 



I 



tiie air esters by b mtigk ori/ict, and compare it witli that a 
■where it enters through 100 or more orificeB. 

Id the first example, (if the body of air be not too great,) the 
effect may be favorable, to some extent, in preventiitg the 
generation of dense smoke. Inasmuch, however, aa tbc quaatity 
of air thus introduced, is chemically inadequate to the com- 
bustion of the ga^, much of tlie latter must escape unconsumed, 
though not in the form of smoke, but as a light coloured vapour. 
In such case, however, the inference usually drawn would he. Hat 
the area of admission wa« sufficient, and the combustion perfect 

This, however, would be erroneous ; besides, that it would 
constitute the mere non-appearance of smoke as the teat of 
perfect combustion of the gas. 

Fiir. 28. 




Pig. 2fl, 




In the first ease. Fig. 28, the body of air, by paadng thrm^^h 
a single aperture, produces the action of a strong current, and 
obtains a direction and velocity antagoniBtic to that hderal mo- 
tion of its particles which is the very element of diffusion. In 
this case, passing along the flue, the stream of air pursues its 
own course at the lower level. A, wlule the heated products 
fill the uppftr me at B. It is bore evident, according to the 
laws of motion, that the two forces, acting in tlw same direction, 
prevent the two bodies impelled by them (the air and the gas) 
from amalgamating. In fact, they do not come into contact, 
except in the strata, or planes, of their respective proximate 
surfaces. The cooling influences of the air, however, goes on 
in the flue, and produces a result the reverse of what was then 
most desired. In this case, the velocity of the current is op- 
posed to the desired diffusion ; and as, by the laws of motion, 
matter cannot change its direction unless by the introduction 
of sf>}He other force ; — that other force is just what is here re- 
q^uired. Thus, in the present instance, we must either change 
the direction of the current of the air, or give it the rigid di- 
rerivyii from tlu hegiiirttng 

Now, instead of a single aperture, let the air enter through 
a hundred or more apertures, as in Fig. 29. Here the force 
and direction of flie current will be avoided, and the required 
diffusive action produced on passing the bridge. Instead of the 
refrigeratory influence of the air, as in the first case, there will 
be a succession of igniting atoms, or groups, which Sir H. Davy 
calls "explosive mixtures," each producing combustion with 
its high temperature. These are distinctly perceptible from the. 
sight holes at H. 

The same results, will follow, whether the single or numerons 
orifices are placed at the door, or at the bridge end of a furnace, 
as in Fig. 30. In this case, the difliision will be more im- 
mediate and effective. 

On this point it may be well to notice the oft-repeated fact, 
that the avoiding dense smoke may be obtained by leaving the 
fire-door ajar. Now, so far from this being a discouragement, 
or argument against the use of numerous small orifices, it abao- 
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lutoly confirms both tbe principle and practice ; for, if al- 
lowing a i/ivm quantity of air to enter in a thin film at the edge 
of tlie door have a good effect, we are thereby encouraged to 
allow the tfUire complmunf to enter by other and irwre numeroM 
jUms or apertures. If, indeed, allowing the door to be ojor, 
with an opening of one inch, were sufficient for the admlsnon 
of the enfire volume required, nothing further wUl be desired. 
The moment, however, the aperture ia enlarged by opening the 
door wider, to allow that required volume to enter, theinjuriooB 
and cooling influence of the body and current of ^r becomes 
self-evident, and the result confirmed by the reduced tempe- 
rature in the flue, as indicated by the pyrometer. 

Of the advuutageoiia effect produced by mtcJuimcal agenry, in 
promoting immediate diffusion between the air and the gas. 
the fallowing experiments are quite conclusive. 

Let Figures 31 , 32, and 33, represent each a tin apparatus, with 
its glass clumney, similar to the ordinary Argand burner,— the 
gas is admitted the aame way in all three — the difference to be 
noted ia, in Ike inamier in which the air if admitted. In all theBG 
cases, the quantity of both gas and air was the same. 

In Fig. 31, no air is admitted from below ; and the gas, con- 
sequently, does not meet with any until it reaches the top of the 
glass, where it is ignited, producing a dark smoky flame. 

In Fig. 32, air is admitted from below, and rises through the 
orifice at A, concurrently with the gas at the orifice B. On 
being ignited, one long flame is produced, of a dark colour, and 
ending in a smoky top. 

In Fig. 33, the air is introduced from below, and into the 
chamber c c, from which it issues throiigh a perforated_ plate, 
like the rose of a watering pot; thus producing immediate 
mixture with the gas. On being ignited, a short, clear, und 
brilliant flame was produced, as in the ordinary Argand gas , 
burner. 

The heating powers of the flames were then tested, by placing 
a vessel of cold water over each. When over Fig. 32, it required 
14 minutes to raise the water to 200°, whereas, over Fig. 33, it , 
reached 200° in 9 minutes. 



^V Now, the difference of effect produced in those three ex- 
^H perimcDta correBpoads with what takes place in fumacea and ' 
^M their flues, when the air is excluded, and when it ia admitted 
^H through a single or through numerous orifices. 
^H Of the importance of mechanical agency, in promoting the ra- 
^H pid diffusion or mixture of the air and the gae, the modes 
^H adopted on the continent for rendering the coke gae, or carboiiit 
^B oxidf,, aviulable, ore conclusive and instructive. 
^m M. Peclet has given ample details of the mode of effecting ths 
^1 combustion of this gas, (the existence of which has, for a long 
^H time, been practically ignored in this country,) in tlie manu- 
al facture of iron, and even in the puddling furnaoea, where the 
^H most intense heat is required. 

^M . M. Peclet states that the process at Treveray, in France* 

^M (see Figs. 34 and 35) is preferable to that adopted in Germany, 

^1 and for the following reasons, which are quite to the point o{ 

^H our present inquiry. 

^B 1st. The air and the gae are better incorporated. 

^K 2nd. The relative quantities of the gas brought into con-' 

^^fe tact with the air ore more easily regulated. 

^^V 3rd. Combustion is effected by the introduction of the 
smallest excess of air. 
In the apparatus, as shewn in the section. Fig. 10, 50 jets nt^ 
air issue, each in the centre of 50 jets of the gas (corbonis 

^L oxide), led from the cupolas of the melting furnaces. Oi 

^1 amination of the process here exhibited, the mixing and 

^H bustion, it will be seen, takes place oti- the htstanl, and before the 

^H flame and heat enter the chamber of the furnace at F. By tlSn 

^m arrangement, M. Peclet observes, "that the highest temperaturt 

^M that the arts can require is here obtained." It is strange that 

^1 the practical and commercial value of this gas, which is a$ 

^1 wastefully expended at our manufactories, at the summit o' 

^M the cupolas, but so well understood, and economized 

^M France and Germany, is only just now being recognized 

^^ this country. 



Lud economized iQ 

'2 



71 

Fig. St 



From Blotein^mac/iut* SjHkh >- lot^inQtieAifk) 9^ 






Fig. 35. 






\ 

Aif 


E 


/ 

/ 


















ffo.E*S9ffw« 


Furnace 


' " 








-©-==■• 


^irTab^ 


\ 



CHAPTER V. 



OF REGULATING THE SUPPLY OF AIR TO THE GAS 
BY BELF-ACTINO OR OTHER MECHANICAL APPA- 
RATUS. 

Much has been urged on the aeceaeity for regulating the sup- 
ply of air entering the furnace, as a means of preventing an 
exccee at one time, or ineufficient quantity at another. The 
theory is plauBible. Practice, however, when tested by the 
aid of a pyrometer, and on the large scale of the furnace, ha^ 
invariably proved its unsoundness and futility. 

If the generation of the gas in a furnace were a constant 
quantity; or uniformly increasing and deorensing; and ab- 
Bolutely ceasing at some one stage of the charge of coal ; such 
regulating apparatus would have its merit. The eye and the 
pyrometer, however, at once warn ua of the wide difference 
between theory and practice ; exhibiting the irregularities in 
the generation of the gas, and the error of applying an inflexible 
scale to a series of ever varying quantities. 

The possibility, or policy, of regulating the admission of Mr 
by mechanieai means, was the object of numerous efforts on the 
large scale. The aid of the first mechanical and chemical 
tiuthorities was directed to ascertain whether any, and what 
degree of adjustment was practicable or advisable. After 
much investigation it was found, that under the varying cir- 
cumstances of land and marine boilers; — of quick and slow 
combustion; — of large and small furnaces; — of the irregularities 
of the di-aught, which often varied, even in the several fur- 
naces of the same boiler: looking also to the various modes of 
firing, and the uncertain quahtied of the fuel employed; all 



these render the theory of regulating the admission of the mt, 
as eack rJiargc proceeded, not only impracticable, but even in- 
jurioua. 

In the report made to the Dublin Steam Company, in 
1842, by Mr. Josiah Partes, (the Patentee of the Split- 
bridge,) an engineer well qualified for auch an inquiry, he 
obsei-vea, — " During the above-named experimenta," I made 
numerous essays of the effect produced by shutting off the ad- 
mission of air to the gases, after the visihh inflammable gaaea 
had ceased to come over, and when the fuel on the grate was 
clear and incandescent. In such cases I always found the entire 
doppage of air to he foil-owed by diminished heal in the flues and by 
diminished evaporation; for at these times, carbonic oxide con- 
tinued to be formed; a gas which, though colourless, waa 
converted, by a due mixture of the atmospheric air, into flame, 
possessing, evidently, a high intensity of heat, and producing 
much useful effect. The calorific value of this gas is lost when 
the air is excluded, although its non-combustion is not attended 
with the production of visible smoke." 

During these investigations it was ascertained, that tlte ap- 
pearance or non-appearance of visible smoke waa no test, either for 
or against the admiaaion of jur — as to quantity. Mr. Parkes on 
this head observes : — " The consequences of regulating and 
varying the quantity of air admitted so as to suit the varying 
state of the furnace, aa regarda the quantity of gas given off, 
also occupied my close attention. It is quite certain that, to 
effect the perfect combustion of all the combustible gases pro- 
duced in a furnace, a large demand for ^r (distinct from the 
air entering the grate) always exists : also, that by entirely ex- 
cbiding air, amoke is produced, and the heat diminished in all 
states of the fire. Thus, with correctly assigned proportions 
once ascertained, no attention is required on the part of the 
fireman in regulating the admission of air. On looking through 

• Theee experiments weie made with great care and Jeliberation, and with 
«X\ the aids that the eye, the pyrometer, anil the thermometer could give, 
KTery part of the interior was always visible, and closely attended to ; the 
temperature in the flues and the lieat of the eecaping products in the chimney 
were also watched and noted. 
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the Bight holes, it waa manifest, that, as a stream of either rai- 
buretted hydrogen, or carbonic oxide ga», was at all times 
generated and paeeing over ; bo there wan necessarily a corres- 
ponding demand for air ; and when Bnpplied, a continoona 
etream of viaible flame." 

Thia is conclusive on the point of regulating the supply of 
air, or shutting it off at any period of a change. 

In addition to thia imiuiry. Sir Robert Kane (one of the 
highest chemical authorities of the day), was also engj^ed, ami 
made an elaborate inveatigation and report on the subject. 

p DtruLiN Steam -P« OK rr 



Gentlemen, — [o accordance with your request, that we »hoold proceed to 
ciamine into the construction and perfurinance of tlie Murine Boiler Fur- 
naces erected at your works in Liverpaol, ujiou the principle of the patent of 
Mr. Williams, wu have to report, that wc have carefully inspected the opera- 
ation of these t\irna(«B in their several parts, and also some otitere con- 
straeted in a siniilnr manner, upon a large working Bcuie, wliich are now in 
actual use in various parts of the town ; and that we have instituted wveral 
series of experiments and observations upon the temperature produced hy 
those furnaces, and the [nanni^r in which the fuel is consumed in them. 

In deducing from those experiments and observations tlw couolusioiu which 
will be found embodied in this report, wc have taken into careful considera- 
tion the general chemical principles upon which combustion must be carried 
OD, BO as to eETect the greatest economy of heat and fuel ; and we have ex- 
amined how far those principles are attended to In the construction of the 
various kinds of furnaces that have been proposed fur practical use. 

The conclusions to which we have arrived, and which we believe to be es- 
tablished by very decisive evidence, aa well of a practical as of a theiHvtical 
kind, may he briefly expressed as follows : 

1st. That, in the combustion of coals, a large quantity of gaseous and 
inflammable material is given out, which, in furnaces of the ordinary con- 
struction, is, in great measure, lost for heating purposes, and give* rise to tha 
great body of smoke which, in manutacturing towns, produces much in- 




2nd. That the proportion which the yoreous and volatile poriion of thefbcl 
bears to that which is fixed, and capable of complete combustion on a com- 
mon furnace grate, may be considered as one-fourth, in the case of ordinary 
c,.l. , 

3rd. That the nir for the combustion of this gaseous combustible material V 
cannot, with advantage, be introduced either through the interstices of the fire 

the door by opening it. In the former case, the air is deprived of.' 
oxygen by passing through the solid foel, and then only helps to carry off 
the combustible gases before they can be burned; and, in the latter case, ''" 
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air nhich wonld enter, by reason of its proportionate mass, would produr 
cooling iufluence, and cannot conveniently be mixed so as properly to support / 
tbe combustion of ilie gases. 

4th. That the combustion of the gaseous materials of the fuel is best a&- 
complisbed by introducing, through a number of thin or small orifices, the 
□eceesary supply of air, so that it may enter in a divided form, onA rapidly 
mix with the heated gases in such proportions 8S to effect their complete 
combustian, 

5th. That, in burning cnhe, or when coal has been burned down to a clear 
redjire, although tlie combustion on the grate may appear to be perfect, and 
little or DO flame may be produced, and no smoke whatever made, there may 
yet be a great amount of useful heat lost, owing to the formation of carbonic 
oxide, wbicb, not finding a fresh supply of air at tbe proper place, oecessorily 
passes off unburned. 

6th. That under the common arrangements of boiler furnaces, where there 
is intense combustion on ihefire-ffrate, and but little in the flue*, the difliv* 
ences of temperature in and around the various parts of the boiler are greater; 
and, consequently, tbe boiler is most subject to the results of unequal tem- 
peratureg. On tlie other hand, when the process of combustion is spread 
through the flues, as well oh over the fire-grale, the temperature remaius most 
uniform throughout, and the boiler and its settings must be least liable to 

Tth. Tbat the heat produced by the combustion of the inflammable gaaea 
and vapours from tbe fuel, in fines or chambers behind the bridge, must be 
considerable, and can be advantageously applied t« boilers, the length of 
which may be commenaurote with that of the heated flues. 

In further substantiation of these conclusions, we will describe the results of 
our experiments made with the marine boilers fitted up with air-apertures 
on Mr. Williams's plan, in order t» determine how far, in practice, the 
scientific priiiciplefl of cojubuation may be economically carried out. 



^k EXPERIMENTS WITH COAL. 

^PP ExPRRIMeNT I. 

When tlie fire was charged with coal, and air admitted only in the ordinary 
way, (the passage to the air-distribulDrs being dosed,) [be entire iuterior of 
the flues was filled with a dense black smoke, which poured out from tlieurifice 
of the chimney in great quantity, and as observed through the night-holes. 
The mean temperature of the flues in this esperiment being found to be 660". ,' 

The iiimace being charged in the same manner with coal, and the supply 
of air by the dividing apparatus fully let on, the smoke instantly disappeared. 
Nothing visible passed from the chimney. The flues became filled with a 
clear yellow flame, which wound round ata maximum distance of thirty feet, 
and the mean temiierature at the turn of the flue was found to be 1311°. 

Hence, the quantity of heat cooveyed tu tlic water through the flues, 
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wmtif daabled by introducing Die air io tliiadivided nmnDer; and, wUht tbt T 
fuel remaiued tlie uiiue, the combuation woa rendered perfect, and no snoke 
produced. 

EXFERIKBBT 3. 

Tlie furnace being charged with coal exactly as before, the paso^e to llie 
air-apertures wa« (TRe-Aa|/^ closed. A grey smoke issued from the chimne;. 
The flues were occupied by a lurid flame, occaaionally, of nearly forty feel in 
length; the mean temperature of the flues being fbuud tobe 985'^. 

Thus, with half the supply of air, a mean condition was obtained between ' 
the dense biRck smoke and imperfect cumbustion of the Hrst experiment, anil 
the vivid combustioD and perfect absence of smoke of the second. 



EXPEBIMENTS WITH COKE. 

Having thus tested the circumstances of the combustion oi coal, under dif' 
lerent conditions of the furnace, we next proceeded to ascertain the exaat 
» of the corobustiou of coke. 



EXPBRIUBNT 4. 

The furnace being fully clinrged with coke, (from the Gas Works,) and 
llic air-ajHTlurc cloaeil, so that it burned as in an ordinary furnace, the flues 
were dark, hut a bluish yellow flame extended under the boiler to the back, a 
space of ten feet. The mean temperature of the flue was then found to be 
702". 

The coal, under the same circumstances, having given a mean temperature 
of 660°, a difference of &Q° heating power was Ihas shewn i» &rouT of eo/u, 
and whichagrees with results obtiuned by others with furnace* of the ordinary 



ExpBBIUBNT 5. 

Ttie furnace being again charged with coke, the air-aperture wasopeued one- ] 
hay. The flues then became occupied with a flame of various tints, blue, ; 
yellow, and rose-coloared, produced by the combustion of CBrbooic-oxide and 
various other gaseous products. This flame extended tlirough twenty-five feet, 
The mean temperature of the flue was then found to be lUlO", 

Thus, even with coke, the increase of available beating power, produced by 
tlie admission of air on Mr. Williams's plan, was found to be 300", or three- 
tenths of the entire. 

ExPEOIUGHT 6. 

The furnace being again charged with coke, and the air-aperture JvlU^- 
apened, the flame in the flue shortened to about flfleeu feot, and the mean 1cm- / 
perature of the flue became 882". 

Hence it appeared, that there had been a larger quantity of aii' admiilcd in 
this last case than was necessary for tlie combustion of the gases from the 



X El cooluge^ct had 1>een produced, suc^u to nenihdTie one- >[ 
half of the advantage which would have otherwbe been goined. 

It results from these experiments, — 

lat. That the air-aperture of the furnace was sufBcient forthe propercom- 
bustion ai coals, but was ooe'lialf too large for coke. 

2nd. That by the uee of the air-apertureB, in the case of coals, all smoke ia' ! 
prevented, and the usefnl effect of the fuel much increased. 

3rd. That, even when coke is nseil, the heating efiect Is also much increased 
by the admission of air by apertures behind or at tbe bridge ; bnt it required 
only one-half of the air which ia necessary for coal. If, however, it be snp' 
plied nitli the quantity best adapted for coal, one-balf of the advantage is 
again lost by the cooling power of this excess of air. 

4th. Since, in all ordinary' cases of practice, fresh the! is added in moderate 
quantities, at short intervals of time, it was not found necessary to alter the 
rate of admission of the air by valves or other mechanism. An uniform car- 
rent, admitting a quantity of air intermediate to that necessary for coal alone, 
will abundantly suflice for the perfect combustion of the fuel, and need not 
require any extra atlention on tlie part of the workmen. 

In conclusion, we have to state, as our opinion, that the arrangement of 
furnace and admission of distributed air on Mr. Williams's plan, fulfils the 
conditions of complete combustion in the highest degree, as fitr as is compati- 
ble with the varieties which exist in the construction of boilers, the peculiar 
character of the coal employed, and the nature of the draught; llie forma- 
tion of smoke is prevented ; and the economy of fuel we cannot consider as 
being lees than an average of one-fifth of the entire in the case of coke, and of 
one-third of the entire when coal is used. 

• We ore, Gentlemen, i 

Your obedient Servants, I 

ROBERT KANE, M.D., M.ai.A., 
Profiisor cf Natural Pkilosophy to the Royal Dublin Society, and 
Profesxor of Chemiitry txs the Apothecaries' Roll of Ireland. 
H. H. BRETT, Ph.D., F.L.S., 
^K Professor of Chemistry U, the Liverpool Collegiate Institution. 

The inference from these chemical investigatione is, that there 
is no interval from tite beginning to the end of a charge, when there is 
not a large lody of combustible gas generated in (he furnace, and a 
large mpply of atmosplwric air required. 

The advocates of self-acting valves have overlooked the 
chemical fact, that as soon as the coal gas (carburetted hydro- 
gen), eeaaea to be evolved, the fuel on the bars would then be 
in an incandescent atate, and precisely in the condition to 

Eh a copious generation of the other gas— the coke-gas, or 



78 

writer i» eontuetim tvUh hoiltr famaeti* Nov, as tliie latter 
gas reqaires (for oqiial volumes) one-half the quantity of air 
of the former, it ia equally necessary that bucIi be supplied, or 
the heating power of carbon would be lost.t The charactenatica 
of this gas have already been given. Its practical application 
requires here to be noticed. 

For obtaining the supposed advantages of regulating the 
admission of the air by mecltanuai agency, many ingenious 
contrivances have been suggested. Among these the following 
was tested many years back by the Oublin Steam Company. 
Fig. 3G. 




• "Carbonic oxide," observes Profeflsor Graham, "may be obtflined by 
transmitting carbonic acid over re<l hot charcooJ. The combuatioi] >b often 
witneaeed in a coke or charcoal lire. The carbonic acid prodnced in the 
lower part of the fire ia converted into carbonic oxide as it pasaes up through 
Ike red hot emheri." 

t Mr. Dewrance, Engineer of the Liverpool and Manchester Railway, when 
that tact was pointed out, felt the importance of allowing a large quantity o( 
air to enter throagh the door, by numerous oriflces, and expericooed the 
inereaaed heating powers arising from the combustion of the coke gaain 
the furnaces of bia locomotlveft. 
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' tn the diagram. Fig. 36, a is the orifice for the admiewoD ST" 

the air ; h the valve ; c the cistern with ball to regulate the fall 
of the valve ; e the supply cistern ; / the tap for letting off the 
water; <? the tap for regulating the rate at which the valve 
deacends. During the first half of a twenty minutes' charge, 
the valve has no operation, the aperture remaining open, the full 
supply of air heing then required. During the next five 
minutes it gradually closes, and during the last five minutes 
remains closed, to counteract the neglect of firemen in allowing 
too much air to enter through the uncovered bars at the end of 
each charge.* Simple as this plan was it became unnecessary, 
and was finally discarded. 

As some notoriety has lately been given to the plan patented 
by Mr. Prideaux, it may here be expected that it should receive 
examination. Mr. Prideaux very justly observes, f — "Only 
two methods present themselves by which the supply of air 
and the wants of the furnace can be made to correspond ; — 
either both must be made constant and regular, or the fluctu- 
ations of one must be made to coincide with those of the other." 
Again, " If a continuous and equable supply is to be furuished 
to a furnace, then the supply of fuel must be made continuous 
also. This appears to be the most perfect method of working a 
furnace, and it is to accomplish this object that most of the 
attempts to prevent smoke, and obtain perfect combustion, have 
been directed, Brunton's revolving grate, Jukea' endless chain 
of fire-bars, and more than one kind of rotary feeder, all fulfil 
with tolerable efficiency the purposes for which they were 
designed." 

With these just aud appropriate remarks Mr. Prideaux intro- 
duces his own plan of "A self-closing valve for preventing smoke and 
economizing the fuel" J and by which to cause " ihe Jlueinalions 

* The adjustment of the action of this closing valve was the result of the 
changeG, as to temperature and effect, indicated by the Pyrometer. 

\ " Hudimetitary Trealise on Fuel, particularti/ with referemx to 
Renerberatory Furnaces, hy T. Symes Prideaui, Esq. John WeaJe." 

t "A self-closiug valve for preventing smoke, arid economizing fuel," is 
here a manifest misnomer, inasmuch as the valvepart of the apparatus haa no 
connection, directly or indirectly, with the prevention nfgmoke, or economizing 



between supply and demand to foinddr." He then describes ihe 
actioii of his valve as follows: — " The stoker when he closes 
the fiimace door after firing, will raise the arm of it lever append- 
ed to it : this movement throws wide open a sliding valve in 
the face of the door, which immediaiely commences cloning, slowly 
and automatically, by the gravity of the lever, and affords 
daring the progress of its descent, a gradually diminuhing 
supply of air to Ikejire, tn harmony with the gradually diminishing 
reqttiremeiUi of the fuel." 

By what means tMs hitherto undiscovered phenomenon of the 
gradually diminixkiitg retpiiremefxts of the fuel during the^first half 
of each cliarge, was ascertained, is not stated. Now, however 
plausible this theory may be, it is at once disproved by experi- 
ment;— //le " wants of the furnace" being in direct contradiction 
to the alleged " gradually dimittishiny requirements of the fuel" 
In truth, experiment proves, that " to cause the fluctuations 
between tlie sttpply and demand to coincide" the arrangements of 
the valve should have been just the reverse of what is here 
described as taking place, and should rather require a gradually 
increasing (instead of diminishing) supply of air to the fire, in 
harmony witli the gradually increasing (instead of diminisluDg) 
requirements of the fuel. 

By the operation of closing the valves, the act of diminishing 
the supply of air begins on a fresh charge of coal being made, 
and it la entirely closed when one-half the time required for the 
charge has expired ; thus necessarily remaining thut during the 
second half, — on the supposition that there was no gas then 
generated, and no further supply of air necessary.* 

• Ab tliis operation of tlie valve m «• directly opposed to the true require- 
raenW of the fuel, the patentee's own deecription of it is here given. 

" To give an illuatratioD of its mode of action :— Supposing a fresh supply 
of coal to be put on a furnace every 16 rainutea — the Bmoke (meaning gas) 
consequent upon coaling, io come gradually to an end at the exph-atian of 
fiijht miiiu/et— and that immediately after coaling, the furnace reqnires at 
the rate of 100 measures of air per minute (admitted above the fuel), to 
furnish the requisite amount of oxygen to prevent araokc. 

" For such a furnace as tlic above, this valve is adjusted, so as to furniah 
at the nte of 100 measures of air per minntc wlien wide open, and ta gradu- 
ally clo*e at the end of eight minutes. Now, aa the operation of cloainK 
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It ia here manifest that the error into which Mr. Prideaux j 

has fallen, haa arisen from assuming, theoretically, that the 
generation of gas, (which he inadvertently calls smoke,) would 
" name graduallif to an end at the expiration of eight minutei" 
from a charge which would take sixteen minutes for its com- 
pletion. If, indeed, that really were the case, then this action 
of hia valve " gradually closing at the end of eight minutes," 
would produce perfect harmony between the supply of air and 
the requirements of the fuel. i 

The Reports already given by Sir Robert Kane and Dr. i 

Brett, Mr. Parkcs, Mr. Houlda worth, and Mr. Fairbairn, being 
all in direct disproof of the above, render any further remark 
here unnecessary, except to notice the important difference 
thus established between theory and practice j and the absolute 
necessity of proof, — not by the fallacious test of the appearance 
or non-appearance of smoke, but by ascertaining the tempe- 
rature in the Hue, by the pyrometer, fi-om the beginning to the 
end of a charge, — and the length, character, and colour of the 
flame, by actual observation. 

Mr. Prideaux proceeds : — " The door of the furnace should • '. 

be double, and the air should pass into the furnace through a 
seriea of perforations.^' By this arrangement, he observea, 
" three important points are secured ; Ist, the heating the air ; 
ndly, the keeping the outer door of the furnace comparatively 

ol ; Srdly, its subdivision intn minute jets.'" \ 

A few words on each of these three points will here suffice. 

t. Of " heating the air," As Mr. Prideaux takes in the air, 
aa all others do, at mere atmospheric temperature, hia claim 
for " heating the air " goes for nothing. Whatever heat it 
acquires (and which has been ascertiuned to be wholly insig- 
nificant^ can alone be obtained by passing through the per- 
forations in the door plate, as it does in the numerous plans 

DCCupieE eight minutes, at four minuiea after coaling, the valve is Iialf shut, 
consequeolly admitting at the rate of only 50 measares of air per minute, 
and the whole amount of air admitted in the eight minutes daring which the 
valve is open, will be 400 moagures ; and tfiia quantity, supplied iu a gradu- 
ally diminishing manner, in harmo'mf mtk the graduaib/ diminishing rt^uire- 
ments of t/ie fuel, is found sufficient to prevent ail smoke." 
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liereafi«r described. [Mr. Prideanx's o 

aSier be quotc<l in proof of the fallacy of the hot-Mr theory.] 

2ndly, As to " keeping (keouler door of the fumace comparativeiy 
cool." This 10 too unimportant a curcamBtance to require fur- 
ther notice. 

Srdly, As to pastdng the air *' Oirough a smes of perfonUioM, 
and its svldimsion inio miwde Jels ; " it is only necessary to 
add, that it is a Batisfiictory illustration of the principle of the 
Ai^and furnace, and of the correct practice enforced in every 
page of this treatiBe. Mr. Prideaux has, however, omitted to 
state that fact, or to disclaim any merit or originality in this, 
ihe only mr/ul pari of kis patent for " the preventing of smoke and 
eeowmiiaing the fuel" 

Impressed with the importance of the smaU Jet system, Mr. 
Prideaux further adds, " An attempt is often made to mitigate 
the smoke and imperfect combustion, by leaving Ihe funiare door 
ajar for a certain period after the addition of fresh fuel." To 
this he correctly objects, on the ground that the air then 
" enters en masse," instead of " in ittftalljets" Numerous other 
illustrations might here be given as to the efficiency of the 
" subdivision into minute jets." Mr. Prideaux's evidence in cor- 
roboration, is, however, important, iilthoughit lays him open to 
the charge of assuming to be the inventor, or original patentee, 
of what bad long been so well established.* 

* It b here scarcely necessary to my, that h&d this plan, with this de- 
scription by the patentee himself, been brougbt out twelve montlu earlier, 
that is, before the expiratiaa uf the patent for the Argand fumaoe, it conld 
not have stood the test of a jury, so identical is the application and de- 
scription :— " The teriei of peiforationt, and the lubdivuion of the air into 
minute jet*,'' being equally applicable lo both patents, and conveying, in the 
most appropriate ternifl, the very principle and mode of applying the Argand 
furnace. In fact, the accurate description given by Dr. lire, (who himself 
settled tbp lenns of the specification,) furnishes eonclunive evidence of the 
idenliii/ of Ihe tao plane. Dr. Ure (Dictionary of Arts) observer, "The 
patent of 1836 coneista in the introduction of the air through a number of 
email orifices, the operation qf the air entering in smali Jet« into the half- 
bumed hydro-carburetted gftsea over the firee, is their perfect oxygenation." 
" Again, one of the many methods in which Mr. Williaros has carried out the 
principlesof what he justly calls Im Arffandjitmace, ig represented 
figure," (which be gives.) "The box ieperforaled eitherwifk round 
oblong oiificee, ke." " In wirae caaea the fire-door projects, with 
mediate space, into which the air may be admitted, in regulated quantUj/, 
/irougk a movable valve in ihe doar.^' 
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With reference to the progreesiTe rate of generation of the 
gaa in a furnace, and the consequent demand for atmOBpheric 
air, the length of the flame (when the air is properly supplied) 
furnishes the best evidence. The following tabular view of 
the result of numerous accurate experiments, made many 
years back, and expressly to ascertain the rale of evolution of the 
gases, throughout a charge of 40 minutes duration, is con- 
ehmve. 



Time. 
Charge made 
2 minutes 



Thermametric 
Temperatore in Flaea, 
466 
4fi2 
490 
508 
518 
524 
528 
534 
540 
540 
540 
536 
524 
508 
494 
486 
476 
468 
464 

4fin 

460 



e here see, that bo far from the fiuant.i 



26 
26 



ity at gaf* generated 



* The thermometer bulb was here inserted in the flue, so far as t^i prevent 
(he mercury rising above 600°— tlie highest range we see being 540°— when 
the charge was lialf expended. The absolute heat in the flue was, however, 
considerably higher, as ascertained by the melting points of fl series of metallic 
alloys, prepared by Sir Robert Kane, expressly fbr the purpo*- By these, in- 
st:rtcd iu the flue, it was found that the absolute heat escaping at the foot 
of the funnel, wai at least 750", 
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being ffrtattgt at first, and ceasing when the charge was one 
half exhausted, it ia just the reverse. In fact, any one who 
has observed the indications of the pyrometer in the flue, and 
has looked into a furnace in action, must have observed, that, 
there being much moisture in the coal to be evaporated, it re- 
quired a considerable time before the full supply of gas was 
produced, and the temperature in the flue had risen to the maxi- 
mum. Further, that when the first half of the charge was 
exhausted, the greatest quantity of gas was then momentarily 
evolved; — the longest flame existing in the flue; — and the 
highest temperature indicated by the pyrometer ; consequently, 
the fullest supply of air was then required. 

The following experiment is also in point here. Thia was 
made with a larger charge of coal, and during 60 minutes, (the 
bars being kept well covered,) the object being to aecertun the 
relative quantity of each kind of gas evolved; and thus form a 
guide to the quantity of air required, at the several intervals, 
from the beginning to the end of a charge. [The observations 
were taken from two sight-apertures : one at the back end of 
the boiler, and the other at the front, looking into the flue.] 
When the supply of carburettcd hydrogen gas was nearly ex- 
hausted, the distinct flames, and their two distinct colours and 
characteristics, might clearly be distinguished. The following 
Table will present a view of the relative quantities of the two 
gases (carbonic acid and carbonic oxide, or coke gas) produced 
during the progress. 



Coal Oos. 



Charge of coal 
5 minutes 
10 
16 
20 
25 



Coke Oai 



none 
none 
none 



Coke Oni. Tout lengUi of 



55 
60 



10 
10 



10 
10 



Here column 4 may be taken as indicating the groaa quantities 
of combustible gasea evolved, and requiring a supply of air. 
In numerous other furnaces, in which the air was properly 
introduced, aad the fuel properly covering the bare, the flame 
was seen during a Jai^e portion of an hour's charge, extending 
along the side flues from twenty to thirty feet. The quantity 
of the co/ce gas will be in proportion to the thickness or body of 
tlie fuel, and its state of incandescence. 

With the view of accommodating the supply of fuel to the 
demand for air, the best practical mode is the equalizing the quan- 
tify of gas requiring suck supply. This was done effectually 
thirty years back, by arranging the furnaces so that each pwr 
shall be connected with one common flue. This arrangement, 
for alternate firing, adopted among others in the steamer " Royal 
fVilliatn" (as hereafter shewn,) is every way satisfactory. A 
Bunilar arrangement has been introduced in Her Majesty's 
Steamers " Hermes," " Spitfire," and " Firrjiy" as described 
in Tredgold's work ; nothing, however, is there shewn as to the 
means for introducing the air, and, consequently, the value of 
this flue ai'rangement is lost. 

Pig. 37. 
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37, taken tiom Peclet's work, shews a eimllat: onsda 



fidoptecl in France, for equalling the supply and demand of gna 
and air. It will be manifest that, asaumiag the furnaceB to be 
chai^d alternately, the quantity of gas behind the bridge will 
be the mean of that geaeruted in both furnacee. 

Another and a very effectual mode of equalizing the supply 
of gas, and Uiua practically equalizing the aupply of air, ia by 
charging the furnace-grate alternately, Jirst on the one side^ and 
Ihen on the other. Where the furnace ia wide enough, this is 
very effective. 

The result of this inquiry into the policy of attempting, by 
jiiecJianieat vieans, to regulate the rate of supply of air to the 
gas during the continuance of each charge ia, that it can be 
productive of no practical value ; and the more so, since, as 
observed by Mr. Parkcs, that " as a stream of either carhurellett 
hydnyen, or carhonir. oxide gas will, at all times, be generated, 
and passing over, there must necessarily be a corresponding 
demand for air," 

In the report to the British Association, on this very point, 
Mr. IlouldswortU observes, " It has been generally supposed, 
that when there was a perfectly red fire in the furnace, and 
when no smoke was generated, the adiniaaion of cold air at the 
bridge would do harm instead of good, by reduang the temper- 
ature in the Bues. He had, however, tried the experiment that 
morning. After having the air passages closed for some time, 
he had opened them when the coals in the fire were perfectly 
charred, and found an immediate and decided increuse of /eniper- 
ature in tltejlue. The increasing temperature was certmnly the 
most striking, if the mr passages were opened shortly after a 
large quantity of fresh fuel had been put on ; but, at aU times 
he found tliere ivas an htrreme w}ien the air was admitted, atid a 
decrease when it was excluded." 

Practical proof of this kind at once puts an end to the theory 
of self-regulating valves. 




I^OF THE PLACE MOST SUITABLE FOR INTRODUCING 
THE ATR TO THE GAS IN A FURNACE. 

Having apoken of the necessity of mechanical aid in producing 
a sufficiently rapid admixture of the air and the gaa, we have 
now to consider of the place heat adapted for applying this aid. 

Aa regards the carbon on the bars, it ia manifcat that no other 
place could be selected than directly from the ash-pit. That 
this is not available for introducing the air to the gaseous pro- 
duct of the coal, has now to be considered. 

Tredgold contemplated introducing the entire supply of air 
through the ash-pit and bara, observing that, " the gas which 
diatila from the fresh fuel having to pass over the red hot 
embers, through which the air in the ash-pit ascenda, will be 
inflamed." Here we have the old error, Viz., supposing that 
passing the gas over red-hot fuel would effect its combustion. 

The plan adopted by Mr. Parkes of introducing the air through 
what is called the split bridge, as hereafter shewn, appeara to 
have been among the firat which recognized the providing a 
separate mpply of air to tlie furnace gases, independently of that 
which passed through the fuel on the bara. 

Thia plan was aufficiently effective, when combined with the 
syatem of small furnaces, with small chaises of coal ; or large 
furnaces when charged heavily, with sufficient fuel for many 
hours consumption, producing a uniform generation of gas 
during a long interval, and by the means of slow combustion. 
The iaaue of the air through the narrow orifice in the top of the 
bridge, was, however, found to be unsuited to the large furnaces, 
with quick combustion, and heavy charges incidental to the 
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bralers used in steam-vesselp. It was also liable to be occasion- 
ally obstructed by the stronger current of heated products 
croaeing tlie aperture, in the same way ob the ascent of smoke 
from a house-chimney is obstructed by a strong wind sweeping 
over it. Numerous modifications of this plan were adopted in 
steam- vessels, the most important of which will hereafter be 
given, with the view of explaining the several causes of their 
failure, and which it is often as important to know as those of 



When the chemistry of combuatton in furnaces was examined 
in 1841, in the first ))aii of this treatise, it was shewn that tlie 
required quantity of air was much greater than had been con- 
templated by practical men, or stated by any writer on the 
subject; and that no sbu/U orifire could be sufficient for the 
admission of that quantity, unless by introducing it in such 
volume as would produce a chilling efiect on the Same, and a 
diminished amount of evaporative duty — a fact strangely over- 
looked in all previous practice- 

The arrangement subsequently adopted in several vessels of 
the Dublin Steam Company admitted the air through numerous 
apertures, and in a divided state. This mode, which has been 
clearly described by Dr. Ure in his Dictionary of Arts under 
the head of " Smoke Nuisance,"* was always effective when 
the draught was suflicient for the double supply of tur, to the 
fuel in the bars, and the gas in the furnace chamber. The 
difierence which attends its application was often considerable, 
and arose from the want of draught, or from the perverse adhe- 

' " Smoke Xuuance. Auiung llje tilly several inventions wliich have been 
patented fur efiectiiig tins purpose, with regard to eteum- boiler and other 
large furnaceii, ver>' tew ure sutliciently economical or elective. The first 
person who investigated this subject in a truly philoBophical manner was 
Mr. Charles Wye Willions, managing director of the Dublin and Liverpool 
Steam Navigation Company, and he alao has bad the merit uf constructing 
many furnaces, both for marine and laud Bteani -engines, which thoroughly 
prevent the production of smoke, with increased energy of combustion, and 
a more or less considerable saving of fuel, according to the care of the stoker. 
The specific invention, for which he obtained a patent in 1839, coneisls in the 
introducOon of a proper (juantity of atmospheric air to the bridges and flante- 
bcda of the famacea through a great number of small orificea, connectwl 
witli a common pipe or canal, whose ntea can be increased or dinu'iiisheil, 



rence to the old and lazy method of charpng the front half of 
the furnaces heavily, even to the doors, while leaving much of 
the bridge end but thinly covered, as hereafter will be shewn. 

of complete eoiubuation may require, by means 
The operation of air thus entering in imall Jelt iala 

Fig. 38. 




the half-bumed hydro-carburetted gaaes over tht _firfs, and in thefintJluB 
ie their perfect oxygenation— the development of all the heat which that can 
produce, and the entire prevention of smoke One of the many ingenious 
methods in which Mr. Williams bea carried out tlie principles of what he 
justly calls his Argand furnace, is repreBented at Kg. 1310, where a is the 
nsh-pit of a steam-boiler furnace ; £ is the mouth of a tube which admits the 
external ur into the chamber, or iron box of distributioii e, placed imme- 
diately beyond the fire-bridge g, and before the diffusion, or mixing chamber 
f. The front of the box is perfiirated either with round or oblong orificeg, 
as shewn in the two email figures e e beneath ; d is the fire-door, which may 
have its fire-brick lining also perforated. In some cases the fire-doorprojecle 
in fiout, and it, as well as the sidea and arched top of the fire-place, are con- 
structed of perforated firc-tilee, enclosed in common brickwork, with an inter- 
mediate space, into which the air may be admitted in regulated quantity 
through a, movable valve in the door. 1 have seen a fire-place of this latter 
construction performing admirably, without amoke, with an economy of one- 
aeventh of the coals formerly consumed in producing a like amount of steam 
from an ordinary furnace. Very ample evidence waa presented in a late 
session to the Smoke Prevention Committee of the House of Commons (Jul; 
1343) of the successful application of Mr. WiUiams'a patent invention to 
many lurnaucs of the Iwrgcst dimensiona, more especially by Mr. Henry 
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Suoh ft mode of charging the furoaceB, necessarily caused an 
irregular couibustion of the fuel, and a coiuctiuent excessive 
admission of lur, counteracting all effects at appropiiating 
separate supplies to the coke and the gas. 

The introducing the air to land boilers, in numerous films, w 
divided portions, was first practically adopted in 1841, at 
numerous furnaces in Manchester,* and at the water-works in 

HouldfwoTtt), of MaocbesUr, who, moontiog in the Bret flue a pyrometrieal 
rod, wbicb acted on an eit^mal dial-index, lucceeded in obseiring everj 
variation of Cempcrature produced by varying tbe introdaction of the air-jets 
into the mass of ignited gnscs passing out of the furnace. He thereby 
dcmonBtrated tliat QO per cent, more heat could be easily obtained from the 
fuel when Mr. Willianis'i plan was in operation, than wtieo tbe fire was left 
to bum in tbe usaal way, and with tbe production of the usual volumes of 
smoke. It u to be hoped that a lata will be enacted in Ike present testion of 
Parliament, for the ruppreuioTt, or at leant alialemmt, of Ibis nuisance, 
which BO greatly disfigures and pollutet many parts of London, as well as oil 
our manufacturing towns, yrhile it acts injuriously on animal and vegetable 
life. Much praise is duo to Mr. Williams for his indefatigabte and disin- 
terested labours in this difliculc enterprise, mid for bis forbearance under maoh 
unmerited obloquy from narrow -minded prejudice and indocile ignorance." 

It is here worthy of notice, that although the above was written and pub- 
lished by Dr. Ure so many years back, it is now only in 1854 that Parliiuncnt 
have interposed in tbe manner there suggested. 

* It wee one of these furnaces that was examined by the Earl of Ellesmere 
(then Lord Francis Egerton), and which induced his Lordship to write the 
following letler ; — 

" Worsley, November 22, 1841. 

"Sir, —Having this morning inspected the invention for the prevention 
of smoke, cif which Mr. Charlct) Wye Williams is the patentee and yonrself 
the agent, I am anxious to bear my testimony to its very palpable success in 
the attainment of its main objecL How far its secondary and collatenil pur- 
pose of saving fuel may be effected, and whether it can be attained to the full 
extent of covering tbe outlay of construction, and the fair remuneration of 
tbe patentee, is a subject ou which, as an nnscientific observer, I can ofibr no 
opinion. I can see no reason to presume, that, in this respect, it wQI be found 
at all deficient; and, in its applicalioa to steam'Vessels, I think it probable, 
that its advantages may be found of tbe utmost importance. I do not think 
that science is necessary tovrords enabling an ordinary observer to form a 
decided opinion on ita merits in tlie prevention of a nuisance to tbe neigh- 
bourhood of our numerous factory chimneys. Its success in the case of 
the chimney opposite your experimental furnace is evident and incontro- 
vertible. If it be not worth the while of the owner of a chimney to apply 
the inventions, I am sure it would be worth the while of Ids neighbonrB 
to subscribe Ibr the purpose. I do not suppose that any cue woold lie 
la^h enough to take my evidence for proof on such a subject ; but it is 
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Lhreipool, and at the etationory engine of the Liverpool and 
Manuhester Railway, under the directiou of tiie engineer, 
Mr. John Dewrance. That at the water-works, with a shaft 
of 150 feet high, had previously caused an intolerable nuisance ; 
both, however, have since remmned unnoticed and forgotten, 
even by the authorities in Liverpool, apparently from the mere 
circumatance of the nuisance having been effectually abated, 
and attention being no longer drawn to it. 

Wiih reference to the place for the admission of the air, it is 
here stated, advisedly, and after much experience, that it is a 
iiiatfer of perfect indifference as to effect, in what pari of the furnace 
IT jiue it is introdttced, provided this all-important condition be 
(illefKled to, namdy, that the mechanical mixture of llie air and gas 
be cmUintiOusIif effected, before the temperature of the carbon of the 
gas {then in Ike state of flame ^ be reduced below that of ignition. 
Thia temperature, according to Sir Humphry Davy, should 
not be under 800° Fahr., since, below that, flame cannot be 
produced or austmned. This, in fact, is the basis of protection 
in the Miner's Safety Lamp. In practice, the air has been 
introduced at all parts of (he furnace, and with equally good effect. 
Its admission through a plate distributor, at the back of the 
bridge, and at the door end, effected all that could be desired. 

Theadoption during the last few years of the tubular system in 
marine boilers, is now to be noticed, inasmuch as it rendered a 
different arrangement absolutely necessary. 

The chief characteristic of the tubular boiler is the slwrinese 
of the dislauce, w run, between the furnace and the tubes. The 



pouible tbat parties interested in it may follow my example io judging 
for themselves by inspection. **♦(■! have some doubts whether 
economy of fuel will weigh as much as I think it ought with the inha- 
bitants of LancaBhire. We are, at present, rich and waatefiil ; but in 
London, Cornwall, and other districts, this feature of the invention, if duly 
estltblished on experience, must be of great importance — in steam naviga- 
tion, perhaps, of still great«r. As a coal proprietor, it is not my bueinees 
to mention it at all; but I do not believe, that what tends tn benefit the 
manubcturer will, in the long run, diminish the consumption of coal. 

" I am, Sir, yours very truly, F. EGERTON. 

■. H. Dircks, 
^Jtfessrs. Dircks and Co., 3, Town-hali buildings, Manchester." 
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temXt IB, the impoeribility of effecting the triple duty of gener- 
ating the gas, mixing it with the air, and completing the com- 
buetion within the few feel, and ih&frrtctiM of a secmul of time, 
which are there available. To obtain the desired effect, the air 
was then introduced at the rftwr tnd of the furnace ; tbuB, as it 
were, adding the length of the furnace to the length of the run. 

The main object being the introducing the air in a divided 
state to the gaseous atmosphere of the furnace chamber, the 
following experiment was made: — The centre bar of a boiler, 
four feet long, was taken out, and over the vacant space an iron 
plate was introduced, bent in the form as shewn in Fig. 39. 

Here, the upper portion of the bent plate, projecting three 
inches above the fuel, was punched with five rows of half-inch 
holes, through which the air issued in 56 streams. Adequate 
mixture was thus instantly obtained, as in the Argand gas- 
burner; the appearance as viewed through the sight-holes at 
the end of the boilers, being even brilliant, and as if streams of 
fiame, instead of dreams of air, hod issued from the numerous 
orifices. It is needless to add, that nowhere could a cooling 
effect be produced, notwithstanding the great volume of air so 
introduced. 

The sectional view of the furnace, looked at from behind) 
as iu Fig. 40, represents the character and diffusive action of 
the fiame. 

Fig. 39. 
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r TMa led to the enlai^mg the door-end of the furnaces euf- 
Tlciently to admit the required number of apertures and full 
supply of air ; an arrangement which has been for yeara in sue- 
ceseful operation, both in marine and land boilers. 

In practice, the great difficulty lay in adapting the plan to 
marine boilers, the doorways of which are made so contracted, 
as to render it impossible to introduce the required number of 
half-inch orifices, as hereafter will be shewn. 

Before examining the respective merits of the plans here 
referred to, it will be advisable to notice one of the causes of 
derangement, and from which many, though sound in principle, 
were rendered inefficient in practice. 

On looking into the flues of land boilers, through suitably- 
placed sight-holea, when the furnace is in full action, numerous 
brilliant sparks may be seen, carried through the flues with 
great rapidity, to the distance often to twenty feet before their 
luminous character is lost, and they become deposited in the 
tubes, or flues, or wherever eddies are formed. These sparks 
consist, chiefly, of particles of sand in a state of fusion. When 
these do not thus separate from the coal, they fall on the bars, 
and, combining with the ashes, form clinkers. These particles 
of sand, flying off at a high temperature, adhere to whatever 
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they touch; and, with the dust, and small paitidea of dnden 
or coke, carried onward by the current, fill up the orifices in 
the ur ^tributor boxes, and, if not removed, prevent the pas- 
sage of the required quantity of ur. 

It 18 now proposed to ^ve instances of such of the modes of 
constructing fiimaces as have been hitherto adopted, and which 
illustrate any principle, or peculiar mode of action, worthy 
of notice. 



CHAPTER VII. 



OP VARIOUS FURNACE ARRANGEMENTS, WITH 
OBSERVATIONS THEREON. 

The following remarks on the peculiarities of the eeveral plans 
of funmces here shewn, are the results of practical observations 
extended over a series of years, and may here be useful, as in- 
dicating what shonld be avoided, as well as provided, respecting 
the admission of air. 



Fig. 41. 




Fig 41 represents one of the modes first adopted, under 
the patent for the Argand furnace of 1839 , introdurang the 
air in numerous jete This was applicable to land boilers, 
where ample space was afiforded for the perforated tubes, made 
of fire clay, or cast iron , and was first adopted at the water- 
works m Liverpool In this apphcation, the moonvemence 
an&ing &om the sand and other matters in an incandescent 
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state, Rdhering, and closing the orifices, was considerable. The 
plan, as already noticed, (from Dr. Ure's Dictionary,) was then 
substituted, and hae continued ever since in active operation at 
tliose works. 

The following are principally connected with marine boilertt : 



Fig. i2. 




Fig. 42 repreaente the ordinary marine furnace. No pro- 
viaion whatever is iiere made for the admission of air, except 
from the ash-pit, and through the bars, and fuel on them. It is 
needless to atld, that, from the absence of air to the gas, a large 
volume of smoke must here necessarily be produced. 

Fig. 43. 




Fig. 43. Parkes' Split Bridge. This plan, patented in 
1820, was efFective when the consumption of coal, and the ge- 
neration of gas, were small and uniform ; or when the fumac« 
was large, and heavily charged, to last for six or eight hours, 
with slow combustion. The generation of the gas being uni- 
form, and the demand for air moderate, the supply through the 
narrow orifice in the bridge was sufficient. This plan has 
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formed the basis of several re-inventions; the Patentees either 
not being aware of it, or not acknowledging the source of the 
effect for which they took credit. 

Fig. 44. 




Fig. 44. This adaptation of the Split Bridge in marine 
boilers was early made, by the then Engineer of the Dublin 
Steam Company, to avoid the collection of ashes in the lower 
shelf of the air orifice, and by which the passage of the air was 
obstructed. The furnaces being charged at short intervals, 
and the combustion rapid, the supply of air was insufficient. 
The aperture at the top of the bridge was liable to be choked 
with ashes and small coals, occasionally thrown over. 



Fig. 45. 




Fig. 45. This change was not found effective. The seocmd 
opening for the admission of air, at the end of the bars, was 
quite irr^ular in its action. It was also found to interfere 
with the action in the split. bridge; the air preferring, at cer- 
tain statQ3 of the fiiel^ to enter by the open spaa^ ^t t\\!^ ^\A ^^ 
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the bars, as the nearest and hottest course, whenever that 
pkce was uncovered. 



Fig. 46. 
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Fig. 46. This was adopted in a steamer of large power, 
and was intended to remedy the evil as stated in the last 
figure. The aperture being made larger, the air entered too 
much in a mass, and produced a cooling effect ; and much fuel 
was also wasted by falling through into the ash-pit This 
was subsequently altered to the plan hereafter shewn in 
Fig. 51 ; the bars being reduced from 7 feet 6 inches, to 6 
feet, and with good effect. 



Fig. 47. 




Fig. 47. This arrangement remedied that of the pre- 
ceding, by saving the fuel thrown to the end; and which, 
falling on the small supplemental grate, was there consumed. 
In practice, however, it was less effective as to generating 
steam, and irregular in its action, and was very destructive of 
the bars. 
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Fig. 48. 




Fig. 48. This plan, adopted in 1840, was one of the 
^ first applied to marine boilers, on the principle of the Argand 
furnace, by which the sdr was made to enter in dtoided streams, 
through tile apertutes in an eight-inch tube, from behind the 
o^boiler. This plan was fuUy effective so long as the perforations 
in the tube remained open. The small orifices, each but a 
quarter of an inch, however, becoming covered, and closed by 
the sand and ashes, the supply of air was consequently di- 
minished, and the tube became heated and destroyed. 



Pig. 49. 
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Pig. 49. This plan, adopted in the steamer, the ^'Leeds,'^ 
was very efibctive so long as the inclined plate and its nu- 
merous orifices remained perfect. As, however, it also became 
clogged, or covered with coal, thrown over during charging, 
it warped, and became injured. 




Fig, 50. Th'iB alteration was made in the same boiler, to 
counteract the evil above-mentioned. The bars were shortened 
from 6 feet to 4 feet 6 inches. The air was here introduced 
through a plate pierced with half-inch holee. This was quite 
Bucceaaful : Ignition and combustion were complete ; no smoke 
formed, and the diminished combustion of fuel was considerable. 
The box, however, set in the bridge, was too small, and there- 
fore liable to become filled by the ashes carried In by the cur- 
rent from the ash-pit ; and the stokers neglecting to keep the 
tur-apertures free, there was no dependence on its action. 

Fig. fll. 




Fig. 51. This arrangement, which remedied the above 
defects, was adopted in the steamer, the " Prinr^ss" and alao 
in the " Oriental " and " Hindostan" employed in the Mail 
service in the Mediterranean. Perfect combustion of the gas 
was effected, and, consequently, no formation of smoke. The 
numerous orifices are here removed from the direct action of 
the heat, or the liability to be choked. The regulating valve, 
originally placed on the apertures, to regulate the supply, was, 
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after a. little experience, found to be unneceHsary, and was re- 
moved.* This plan has become, practically, the moat effective, 
and, during tte last ten years, has been adopted in numerouB 
marine and land boilers. The cost of the air-box was under 

forty shillinga, 



■ The Engineer of these veasels, to which he was appoiotert auccessively, 
aAermuchexperientMiof the value of admitting the air, reported as follows:— 

"Liverpool, Auguit^ 18*2. 
*' Sir, 

From the experience which I have had of the apparatns on 

1}oard the mail contract packet, the Princea, I found it effected a conetdC' 

rable saving of coals, besides doing away with tlie smoke, and I, therefore, 

beg thai it will be put into the Hindoitan before she leaves England. 

" I am. Sir, your obedient servant, 

"JAMES M'LAHEN, Engineer of the Hindostan." 



Extraetofa Leiler from Mr. M'LABEN, dated on board the Steam 
Ship B'otdottaTi, at Madras, December 20, 1B42. 

" With regard to the air-boxes, I consider tliem a great saving to the 
Company, both in fuel and supporting the bridges; for if we bad the common 
bridges we should have had to rebuild theni several times, which might have 
caused the vessel to be detained some days; but, up to the present time, we 
have had no occasion to put up a single brick since we left Gibraltar, 
and the perforated plates are as perfect as -when first put into the furnace ; 
and, with regard to suoke, iCis aeldom or never seen. I am happy to inform 
you, to the credit of Messrs, Fawcett and Co., that, up to the present time, 
we bare had neither a broken bolt, oor a bad rivet in the boilers, and 
every thing seems to be in as good order as when we left home. Con- 
n of coal, twenty-seven cwt. per lour." 



B^ort of the Engineer of the Oriental, plying between England, Gib- 
raltar, Malta, and Alexandria, December IS, 1642. 



"The air-distributors answer nncommonly well in this vessel. Con- 
■nmption, twenty-six cwt. per hour. No smoke whatever." 
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Fig. 52. Ill thitj plmi, the air vae mtroduceJ through a 
tube laid on the bottum uf the ash-pit, to avoid the curreot 
or Oust, and to caable the air to enter in a cooler state. Thie 
was found effective ae regarded combustion, but, being still ei- 
IHMcd to the sand, dust, and heat, as nh-eady mentioned, vm 
subsequently altered to that of Fig. 51. 




Fig. 53. This was a tubidiir boiler, and is here shewn as it 
came from the maker in 1846. It was quite ineffective, giving 
much smoke, the tubes also being liable to injury by tlie sbort- 
nesB of the run. The air-box in the bridge was soon filled with 
duBt and ashes, as here sliewn. The grate-bar being 6 feet 10 
inches long, the tlanie neeessarily reached the tubes, doing 
much injury to the lower tiers. This was altered, us shewn in 
Fig. 54. 




Fig. 54. Thia is the same boiler, the furnace alteration 
being attended with considerable advantage. The bars were 
shortened from G feet 10 inches, to 5 feet 3 inches. The defect 
of the short run, and the limited time for combustion, incident 
to tubular boilers, was, however, irremediable. The change in 
the length of the bars alluded to, reduced the consumption of 
coal considerably; smoke was, to a certtun extent, avoided, 
and the amount of steam increased. In this boUer there were 
205 tubes of 23-inch area. Engines 190 horse-power. 



Fig. 55. 




Fig. 55. This was a large steamer of 350 horse-power, 
with tubular boilers. The plan of furnace here shewn repre- 
sents it as it came from the mater. Three lengths of bars, 2 
feet 8 inches each, fiUed ike entire space, leaving no room for the 
admission of air to the gae. The consequence was, a great 
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oonsamption of fuel ', a great geaemtion of smoke; and mncli 
incoDvenieoce and expense, from tLe destructioa of the tubes 
and face-plate. 



Fig. 66. 




Fig. 56. This is the same boiler. The bars having been 
shorteoed, the ur-box was introduced into the bridge. Not- 
withstanding the evils of the short run, the change here made 
waa satisfactory. The importance of keeping the air-passage free 
from obstruction was exemplified in this case. The air-box was 
introduced in tlie after-boiler, leaving the fore-boiler as shewn in 
Fig. 55. During the voyage, in which 90 tons 18 cwts. of 
ooal were used in the latter, but 81 tons 15 cwt. were used in 
the former. The engineer reported, that " when the gases are 
properly consumed, the best effect is produced ; good steam is 
obtained and less coal used." 




lOS 

Fig. 57. This boiler alao was tubular, 17 feet 2 inclies long. 
Elites 370 horae-power. It is here shewn as it came from the 
maker. The grate-bars 9 feet ; dead plate 9 inches. The area 
for the admission of the air was quite inadequate to the intro- 
duction of the necessary quantity. This boiler was then altered 
aa in Fig. 58. 



Fig. 5& 




Fig. 58. This is the same large steamer as in last number : 
the air-box being introduced into the bridge ; the result was a 
considerable tUminution in the fuel used ; a better command of 
Bteam, and freedom from the nuisance of smoke, 
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Fig. 59. This tubular boiler is here shewn as it came front 
the maker; grate-bars 9 feet 3 inches long, with dead-plate 12 
iachea. No means tor admission of the air to the gas. In tlua 
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Fig. 61. Thia plan ia here introduced ae shewing the pn 
tical error of suj)po^g that the gases oould be coneumed bj 
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cauaing ttiem to pass through incandeseent fuel. The effect of 
this plan 18 to convert the gna into carbonic oxide; nnd which, 
from being invisible, created the impreaeion, thsit the " smoke 
was burned." it is needless here to dwell on the chemical error 
of auch an assertion. The fallacy of imagining that either gas 
or Bmoke, from a furnace, can be eonsumed by passing " through, 
over, or among" a body of incandescent fuel, as already shewn, 
prevailed from tlie days of Watt to the present. Nuraeroua 
patented plana to the same effect, might here be given, all 
having the same defect, and equally ineffective. 



Fig. 62. 




> 62. This was one of the numerous hot-air ezpedienta 
seed upon public notice, under the illusion, that by heating 
the air, " the smoke would be burned." A large hollow fire-bar, 
A, was placed in the centre, or aides of the furnace, with a re- 
gulating door for the admiaaion of the air. The Admiralty 
having been induced to allow this plan to be adopted in the 
Steam Packet, the " Urgent," at Woolwich, the rcault was a 
total fddure, and its consequent removal.* The suppoaed heat- 
ing of the air being a mere assertion, made for the purpose of 
giving an appearance of novelty, having been wholly without 
effect, the result was, that it reduced the ao-called patent in- 
vention totliat of Parkes' Split Bridge, with all its dieadvan- 
tagea when applied to marine-boilers and large furnaces. 

" Tiie Urgent, Captsiu Emerson, being then ctigaged in the Mail Serviou 
at Liverpool, this ateanier cnmo under my notice. Fur tljo purpose of teating 
tlie effeclB of this lioUow-bar, I liad an experiuieiit made t.) HBcwtain tbe ex- 
tent to whicb die air might be healed, aud found uo peiceptihli: iucreose 
heat could be obtained by it. 
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Fig. 63. This was another modification of the Split Bridge 
plan. Mr. West, in his published Boport, on the methods 
submitted to the Public Meeting at Leeds, in 1842, described 
this in the folloniug terms : " It consists of a regulating valve, 
by which air is admitted into a passage through the bridge, (the 
split bridge of Parkes' expired patent,) for four hours after first 
firing. By this time the coal ia coked, and the valve shut the 
remainder of the day." It is manifest there is nothing ia this 
plan beyond the split bridge, accompanied with the mode of 
firing and slow continuous combustion applicable to it. 



Fig. 64. 




Fig. 64. This is but another modification of the split 
bridge, though announced as a plan for heating the air, by its ' 
passage through a body of hot brick -work. This plan, M. Pec- 
let observes, was adopted in France, but abandoned. 
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Pig. 66. 




Fig. 65. M. Peclet givos this aa one of Chanter's pa- 
tents, which was also tried and abandoned in France. It will 
be Been that this is but a. modification of the former plans. 



Fi^- r.fi. 




Fig. 66. This is another of the so-called hot air plana, 
although it is nothing but the split bridge with a eupplemental 
grate, as adopted by Chanter and others. The Patentee pro- 
fesses to have the air "intensely heated" by the handful of 
scoria, or cinders, which fall on the supplemental grate This 
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I^Mi being mtK^ premed on public attention, the Patentee' 
own inflalci) description is here given, than which nothing can 
he more orroneoua in n chemicnl point of view, or n»»e an- 
warranted in practical effect,* 




Fig. 67. This ia another of the hot-air plans, as given in 
Mr. West's Summary. The air is here supposed to be heated 
by passing through the vertical tubes a, placed in the flue, and 

• "It will Ik.' Keen ibat th<: invention cunsbta in the combinatiQD of two< 
neU of fixed fire-bare, tlie first of which is chiefly fetl by the teorut and cm- 
den vinded from the second or upper set of firC'bare, with a. caiorifie pUOtf 
Itie face of which moy be protected by a few fire-briekB ; by which anange- 
metit, the current of air entering at the lower part of the fumac^ p Mitt 
through two ttrata of fire, and thence between the calorific pfate and tt)6 
bridge, and is thus so interaeb/ heated at continuouslff to produce the etUirt 
eombiulwnoflhf ffOieoiu product* of the /uel, and to prevent tht ordinary' 
formation of smoke. Itis, in effect, a double furnace, confined to the linutt 
of, and economically applicable to, any common description of furnace ; hu 
all the advantages of a Ao( blatt without the coat of any pneumatic appor- 
ratus; is ao contrived an uniformly to distribute and keep up the reqai^te 
heat in boilers of whatever form ; and, whilst most effectually preventing the 
annoyance of smoke, and the usualdeposit of >H>ot in the flues, it causes ao 
average saving of at least 20 per cent, in the quantity of fuel consumed, and 
alsOHdinits the giihstitution of the cheapest for that of a dearer quality, and 
>if small insteud of large conis, us further meana of reducing the expense of 
fonsumption." 
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tlience tbrough the passage b, entering the furnace by a single 
orifice c. It is only necessary to observe, that it would be 
impossible that one-fourth part of tlie required quantity of air 
could there obtain access, unless by so enlarging the orifice as 
to produce a cooling effect, by its then entering en masse. Mr. 
West states, that the Patentee " claims the right of using hot 
wr for the purpose of consuming smoke, in whatever manner 
the ur may be heated." This claim, it may safely be stated, 
none will be cUspoaed to dispute. 

It seems strange that these numerous advocates for the use 
of hot ur, in ordinary boiler furnaces, have given no infor- 
mation aa to the d^ree o^ heat which they would give to the 
air, nor the means by which this heat would be imparted to it. 
They have made no experiment to test either : neither have 
they given any grounds for supposing that the air, when heated, 
would be more effective. [This will be hereafter considered 
in a separate chapter.] 



Pig. 68. 
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Figs- 68 & 69. This plan, as in F!g. 68, with the sectioiul 
view, 69, ie also taken from Mr. West*B Summary, and ii 
here introduced with the view of further pointing to the hot 
air, and " smoke-burning " fallacy. The following is the dfr- 
acriptiou given by Mr. West : " The smoke, after having 
paBEed along the flues marked F, ie intended to be caught by 
the fan H, before reaching the damper G, and, along with a 
BuDicient quantity of atmospheric air, is propelled along the 
turn ilue I, into the enclosed ash-pit K, where it is again forced 
through the fire-grate C." It is not necessary to add any coni~ 
ment on what is so wholly opposed to chemistry and nature. 

The plans of BruntorCi revolving grate, Jukes' moving ban^ 
or Stanley's self-feeding apparatus, need not here be described.* 
There is in these no pretension beyond what they can perform; 
each acts the part intended, and, wherever there is room foe 
their introduction, and that the uniform amount of heat pro*' 
duced by these means, falls in with the requirements of the 
steam engine, and the manufacturer, these will answer the 
desired purpose. 

• Stanley'e apparatus WBS early applied on board tbe Dublin Steam Coni- 
paiiy's vessel, the Liverpool. Independent of iU inconvenient bulk, it wai 
wholly defective, when applied to large fumflces, requiring the raoat active 
firing, and the irregulur demand for steam incidental to marine boilers. 



113 

We must here observe that these plana are inapplicable to 
rine furnaces, or where large quantities of ateain, and active 
tad irregular firing are required. 
t The simple operation in these ia, the keeping continuouBly 

Ai'n stratum o/fuel on llie bars, and, consequently, an abun- 

jit supply, and even an excess of air, through it, to the gases 

inerated in small quantities over every part of the fuel. 

^ther must we be led to suppoae, that they effect a more 

Wnomical use of the fuel. 

I :&i an an inquiry on the subject at the Soaety of Arts, 
much stress was laid on the annual saving by the use of the 
moving bars, at a large establishment in London, It appeared, 
however, that the saving arose, not from any more economic 
use of the fuel, or the generation of more heat, or by a more 
perfect combustion, but merely from the circumstance, that the 
mode of feeding the furnace, and keeping continuously a thin 
stratum of fuel on the grate, enabled the proprietor to use an 
inferior description of coal. 

In the case of boilers already constructed, it may be asked 
how they should he altered so as to admit the required supply 
of wr. In land loilers, where the furnace doors are set in brick, 
they may easily be enlarged, and at a small cost, to allow space 
for the requisite number of orifices, the aggregate area of which 
should average five to six square inches for each square foot of 
grate-bar furnace, according to the description of fuel. 

In mariiie boilers, however, the enlargement of the door end 
is troublesome. Where sufficient apace cannot be obtained, it 
will be advisable, in addition to aa many half-inch orifices as 
can be inserted in the back plate of the close door box, or in the 
neighbourhood of the door, to introduce the ordinary perforated 
air-plate, as already shewn in Fig, 51. Thia was the mode 
successfully adopted, in the present year, in the mail steam 
packet, the Llewellyn. The boilers being new, and the maker 
not having allowed space sufficient for door-frame plates of the 
required size, the deficiency was supplied through the ordinary 
perforated box in the bridge. 

The boilers previously in this vessel were remarkable for the 
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eonttnnoufl rolnme of dense smoke : the new boiler, indepen- 
dently of the absence of smoke, euppliea more eteam with a lees 
consumption of coal. The contrast between the two modes of 
COiutructing fumacca, is well exemplified in the following ei- 
tract from the report of Mr. Joseph Clarke, the Engineer of 
the Dublin Company, to whom this Teasel belongs.' 

Fig. 70. 
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n illustration of the alteration which should be made in ma- 
rine boilers, Fig. 70 representa the usual mode of contracting 
the door end to the mere size of the door frame, as at a. Pig. 
71 represents the mode of enlarging the opening, both at the 

" Thft Holyliea.ll mail steam packet, Lleunlh/n, having dow been at work 
three months with new boilere, I have to transmit you llie rwult of their per- 
formanceB. This veesclhas two boilers; one before, and the other ahaft the 
engines. Their construction are precisely tlie same ; each having Bii foi^ 
3S. Both liHve all their furnace iittbgs exactly the same. In order to 
pnt the smoke-preventiou principle in contrast ivith the ordinary mode, the 
fore bdUr was allowed to remain as it came from the maker, while the a^w 
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sides and above the doorway at b, to allow of the intro- 
ductioii of a sufficient number of half-inch apertures, as shewn 
in Fig. 72, It 13 here worthy of note, that bs the ordinary 
mode of conatructing the door end of marine boilers is difficult 
and expensive, as shewn in Fig, 70, the mode shewn in Fig. 
71 is so much more simple as to cover all the outlay for the air 
boxes shewn in the next figures. 



Fig. 72. 




Fig. 72 represents one of the raodea adopted where the boiler 

one had the door frames of each of the furnaces (which are made with boi 
moiitb pieces) perforated with 149 holes, each 1^ inch diatneler, to admit the 
air. These not being sufficient, the perforated plate behind tlie bridge was 
added, in which there were 321 holes— in all, 470 holes; the gross area of 
which is equal to about a square inches for each square foot of fire grate.~ 
The reault is, that the fore boiler gives out a contitiuoua volume of dense 
smoke, and the after one none whatever. It is quite remarkable to see the 
steam blowing otT from both boilers, and smoke only from one, I know 
nothing that could be more demonstrative of a principle than the contrast 
between the two boilers in this vessel. It attracted the attention of the pas- 
sengers, and I resolved, therefore, on leaving the two sets of furnaces as they 
are for Bome time longer, to alibrd the public the opportunity of seeing that 
■moke prevention is practicable. When the vessel can be spared, it 
inteatioQ to make the furnaces of both boilers alike." 
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had been otiginailif consfructed to admit the required nvmher of ori- 
fices. This has been in successful operation for some jean, 
and without requiring any repairs. In this plan it will be seen 
that air boxes are introduced at the sides and above the dooTL 
The lur entering to the upper box at a, and to the side boxes 
at b b, (The left representing an outside, and the right an in- 
side view of the orifices.) In the centre is a sliding plate P, 
by which, alternately, the right or left hand upper orificea may 
be closed, when either furnaces are about to be charged. 

As much stress has been Litd on the value of having skilinl 
firemen, it is important to shew in what their real duties con- 
sist. The annexed figures will explain tlie ditFerence in effect 
Iwtween the right and the wrong mode of charging a furnace. 

Fig. 73. 




Fig. 73 represents the proper mode of keeping a uniform 
depth of coal on the grate bars ; — the result of which will be, a 
uniform generation of gas throughout the charge, and a uniform 
temperature In the flues. 



F!g, 73a. 
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Fig. 73a represents the ordinary mode of feeding marine 
furnacee: charging tiie front halfas high, and as near the door, 
as possible, leaving the bridge end comparatively bare. The 
result necesBarily is, that more air obtains accesa through the 
uncovered bars than could be required ; thus defeating all ef- 
forts at introducing the proper quantity in the proper manner. 

One important advantage arising from the control of the 
quantity of air is, that it enables the engineer to shorten the 
length of the grate by bricking over the after end of the bars, 
seeing that an unnecessary length merely gives the means of 
letting an improper supply of air pass in through the un- 
covered bars. 

The facility with which the Btoker is enabled to counteract 
the best arrangements, naturally su^ests the advantage of me- 
chanical feeders. Here is a direction in wliich mechanical skill 
may usefully be employed : — the basis of success, however, 
should be the sustaining at all times the uniform and sufficient 
depth of fuel on the bars. 

Although the combustion of the gases in locomotive boilers 
does not come within the scope of these remarks, the peculi- 
arities of the boiler, as shewn in I"lg. 74, are so illustrative of 
the principle of admitting the air through numerous orifices, 
that it here merits attention. 



Fig. 74. 
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Fig, 74. This plan of boiler ia the inTention of Mr. Dew- 
rance, when Engineer to the Liverpool and Maacheeter Itaii- 
way Company, and was adopted in their locomotive, the Cimdor. 
By thid arrangement he was enabled to use coal instead of coke, 
and with entire eucoeae. It will here be seen that the air en- 
ters froiu a separate passage to a number of Tcrtical perfo- 
rated tubes, from which it passes to the gas, in a lar^ mixing 
or combustion citamber, through numerous small orifices. The 
result is, immediate diffusion and combustion. The deflecting 
plute, to a certain extent, counteracts the abort run, or distance 
to the tubes." 

In concluding these observations on the various modes of in- 
trodudng air to the furnaces, it is only necessary to add, that 
by attention to what is here stated, manufacturers may become 
independent of " smokc-buming " patents. All they have to 
do is, to imitate, as near as poselble, the principle of the com* 
inou Argond gas burner. Let them introduce the air by numtr- 
rous small arijtces to tin gas, in the furnace, as tlie gas is introduced 
by atuall orifices to the air in t/ie lamp. They want no lud &om 
any patentee. Let them begin by having aa many half, or 
even three-quarter, inch orifices, with inch spaces, drilled in 
the door and door frame, as posaihle. If the furnace be large, 
and the door-plate fmme is nut sufficient for the introduction of 
the required number of holes, let them introduce the perforated 
plate in the bridge, as shewn in Fig. 51, and as described by 
Dr. Ure in his Dictionary of Arts, last Edition, title, " Smoka 
Nuisance." 
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ON THE PROVIDING ADEQUATE INTERNAL SURFACE 
FOR TRANSMITTING THE HEAT TO THE WATER 
FOR EVAPORATION. 

On this head, marine boiler-makers content tliemselves with 
calculating the gross internal superficies ; and having provided a 
given number of square yards, of so called heeding surface, they 
consider they have done all that is neceBsary for providing an 
adequate supply of steam. 

This might be sufficient, were there any ground for assuming 
that a square yard of surface, possessed a giveu evaporative 
power. Nothing, however, can be more vague, and, practi- 
cally, more deceptive, than the supposed heat-producing value 
of a square foot of grate-bar ; or the heat-tranamitting power 
of a square yard of internal surface ; both being, momentarily, 
subject to numerous influences connected with time, tempera^ 
ture, current, and position ; and the ever varying admission 
and action of the air. 

At present, practice and theory are utterly at variance on 
this matter. Take, for instance, the separate surfaces of the 
fire-box and tubes of a locomotive boiler ; a square-yard of 
the latter having but one-third the evaporative effect of one 
in the former. Indeed, many instances might be given, of the 
evaporative effect being increased, by the removal of many entire 
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tiers of tubes, and even by a lai^e diminution of the gross area j 

'. of surface. I 

As to general efficiency, the^wc system is capable of supply- I 

ing all that can be required, while it is free fi-om the anomalies I 

incidental to the multi-tubular plan. When larger quantities of fl 
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steam are required for latter en^nes, this can be best obtuned, 
not by additional tiers of tubes, but by extending the areas and 
length of run ; thus increasing the number of units of time, dis- 
tance, and surface, along which the heat-transmitting influence 
may be exerted. It ia a mistake then to suppose, that the 
mere providing a large aggregate of surface, can compensate for 
deficiency in the run, or the want of sufficient time. The 
heated products, will not, and cannot be forced instantaneously 
to spread themselves over the aggregate of surface that may have 
been provided. 

Among the influences which affect the transmitting power of 
any given surface, none are greater than the velocity of the cur- 
rent through the flues. The products of combustion being at a 
high temperature, are found to take the nearest, hottest, or shortest 
course to the fiinnel, — entering tlie lowest tier of tubes first, — 
regardless of whatever surface may have been eUewhere prth 
vided; in fact, passing through but a limited number of their 
ranges. 

It is an error then to suppose, that by presenting additional 
series of lubes, we can compel tlie gaseous products, hurrying to 
the funnel, to occupy them, or go out of their way, to take the 
course we may please to dictate. With equal consistency 
might we expect that the rapid course of a river stream would 
be eased by providing additional surface in some adjoining dis- 
trict; but through which the direction of the current would 
not lead it. Lineal distance, or length of run, along which the 
heated products pass, is the moat important, though the most 
neglected, element in the calculation of surface. 

Among the modes of providing adequate internal surface] 
none have led to greater errors than the endeavour to make 
smaller and shorter boilers do the duty of larger ones, and 
supply steam for larger engines, by the adoption of the multi- 
tubular system. The result has been, a less perfect combus- 
tion ; a larger development of opaque smoke ; a greater waste 
of fuel and heat; and a more dangerous application of it,/| 
Where increased power was employed, and a larger supply of 
steam was required, instead of providing a corresponding en- 
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laT^ment of the boilers, engineers have inconsiderately adopted 
the locomotive tubular principle, apparently for no other reason 
than that it waa smaller, but without considering the irrecon- 
cileable differences in the two services, and the peculiarities 
incident to each. Not finding that the enlarged aggregate in- 
temal tabular surface produced the expected increased quantity | 
of steam, they had recourse to the other alterative — the enlarg- 
ing the areas of the furnaces, and increasing their number — the | 
generation of the steam almost exclusively depending on the / 
plate surface in connection with them. 

The adoption of the tubular system in marine boilers, was 
also accompanied by this anomalous proceeding ; that while the 
areas of the furnaces and grate-bars were enlarged, more fuel 
neceeaarily consumed, and more gas generated, nevertheless, 
the time -and distance allowed for the transmission and absorp- 
tion of the increased quantity of heat generated, were both 
actually diminished. 

It is clear, therefore, that in these arrangements all the re- 
quirements of nature were disregarded. All merged in the one 
consideration — the diminishing the size of the boiler, increasing 
the area of the furnaces, and providing a larger aggregate internal 
surface by the tubular system. The question, indeed, seema 
never to have been raised, whether that additional sur&ce was 
ever, or to what extent, brought into action.* 

* Under the head of "Want of general priocipies in the conslmction of 
marine boilere," Dr. Lardoer justly obaerves, "There cannot be a mofc 
striking proof of the ignorance of general principles which prevails respectiag 
thia branch of Btoam engineering, than the endlesa variety of forms and pro- 
portions which ore adopted in the hollers and furnaces which are constructed, 
not only hy different engineers, but by the same engineers, for steamers of 
like power and capacity, and even for the same steamer at dift'erent times." 
He then adds, " The original boilers of the Great Western hnilt for the New 
York and Bristol voyage, was of iAe flue sort; these were subsequently taken 
out end replaced hy tvhtdar boilers ; the dimensions and relative proportions 
of these two seta of boilers were aa follows." — He then gives in detail all the 
particulars, the leading points of which areas follows:— observing, that "this 
vessel was less efficient with the second set of boilers." 



^B Total 



Nominal horse power . . 400 400 

Total heating Buvtace . . 3840 square feet. 7130 square feet. 



• to the importance of time and diattmce, in connexion with 
surbce, it ia only neceseary to point to the length of the Jlam, 
in oruiiiary boilcrti — that b&ng an uniniatalccable evidence of 
the duration of Ike process of the combustion of the carbm ; anJ 
which procGBB cannot be interfered with, unless by the loss of 
that heat which would have attended its completion. 

The following experiment will give a sufficiently correct 
view of the duration of this process, and what ought to be the 
diiitancc and surface allowed to take up the heat. In this case, 
the boiler was 15 feet long ; the furnace 4 feet 3 inches, with a 
returning upper flue. The air was properly supplied, the 
combustion perfect, and no smoke generated. 



Tint. Length or flame sfter 

a/reih charge. 
After 5 minutes, 10 feet from the bj 
« 10 „ 12 



15 



35 
40 



15 



idge. 



During the last 10 minutes the flame ceased to be I 
coal-gm (carburetted hydrogen), and had become that of coh- 
(/as (carbonic oxide). There could be no mistake in this, the 
colour and character of the two gases being so different and 
well defined, aa may be clearly observed through the sight 
holes, placed opposite the furnace. ! 

Had this been a tubular boiler, the run from the furnace to 
the funnel, instead of being 30 feet, would not have been one- 
tenth of that distance. The fiame, which at one time we see 
extended to 22 feet, must necessarily have been violently cut 
short and extinguished ; or its heat expended in the chimney. 
The atoms of carbon would have been converted &om the in- 

ThiH ig sufficient to prove the fallBcy of a lar^e a^regate of huating aurftce. ^ . 
The first boiler, which was a good Bteam producer, had square feet per horse- I 
power; the second, the tubular one, about 17 feet — nearly double — yet the 
generation of steam was inferior in the latter. 
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candescent state of tlame into the black clement of smoke; 
heat would have been lost to the boiler, and the tubes would 
have become lined with the non-conductor soot. 

If the flame passing from a furnace be clear, the combustion 
may be considered as complete, and the full measure of heat 
obtained from the fuel — the pyrometer indicating the available 
amount of that beat. Mr. Dewrance states, respecting a land- 
boiler, properly fitted with the perforated air distributor: — 
"We have a clear flame along the flues to the distance of 30 
feet from the fire, and tlie flues at that distance are quite hot ; 
previously to the admission of air in the proper manner, this 
part was quite cold." Now, had this been one of the usual 
short marine tubular boilei-s, what would have been done with 
this flume, or the heated products passing from it? and of what 
avail would have been tJie surface of the series of small tubes? 
It is manifest, then, that this question, as to the length of the 
flame, and the demand for time and distance, was not suffi- 
ciently considered, when the tubular system was introduced into 
marine boilers, usifi^ coal, in imitation of the locomotive using 
coke. 

Mr. Atherton considers, that in tubular boilers, " the gases 
are so minutely sub-divided in their passage through the tubes, 
that whatever amount of heat may have been generated, is 
rapidly communicated to the water." Now this fact of sub- 
divisioji produced by the forced entrance into small tubes, 
becomes the very source of loss of that temperature which is 
essential to the generation and continuance of flame, Whatever 
heat had been generated by the flame, on its arriving at the 
tubes, and on being forced into their narrow orifices, instead of 
being available, would be virtually sacrificed, and but little, if 
any, left to be " sub-divided in its passage ;" since, as has been 
well ascertained, the temperature within the tubes, where the 
black smoke prevails, is frequently not sufficient even to injure 
paper or shavings, in truth it is only when the fires are clear, 
and the fuel incandescent, that there is sufficient heat in the 
tubes to generate any steam. This " minute sub-dividing" of 
the heat, then, is only correct as regards the locomotive, where 



coke alone is Bwrf, — where there U no carburetted hydrogen gu, 
— and no fuliginous flame is generated. 

Again, in addition to the heat obtmaed by direct radiation 
from the flame, we have to consider that Urge quantity which 
would have been given out by the gases, if Ikeir ctrnibustion had 
been completed. It may here be observed, that it is the obtaining 
the service of the heated products by an adequate run of flue, 
with sufficient time and surface, that characterizes the Oomitk 
boilers. In these the main feature cortsista in generating, b; 
shw c&mhiislion, no more heat than can be taken up, and trans- 
mitted to the water. In this respect, then, it is the direct 
reverse of the tubular system. In the former, there is slow 
combustion, — a ^continuous small development of combustible 
gas, — a long run, — abundant absorbing surface, — a moderate 
rate of current, — free access of the water to the flues, — and 
sufficient time to enable the surface plate to do its duty;— 
added to the adoption of every possible means of preventing the 
loss of heat, externally, by clotliing the outride of the boiler. 

In the marine tubular boiler, on the other hand, every thbg 
is the reverse. There is the most rapid combustion,— the 
largest and most irregular development of gas,— a rapid cur- 
rent, — a short run, — a restricted and imperfect circulation of 
the water, — and a total i«(w/«(;w<icy «/(jffle for the transmitting 
and absorbing processes, with a great waste of heat by radiation 
from the boiler. 

Another serious evil of this tubular system, and its short ran, 
which carries the heat away so rapidly, is, the over-lieaied ataie of 
the funnel and steam chest ; and the consequent danger to the 
part of the vessel in their immediate contiguity. 

The cause of such heat in a situation where it can be of no 
avail for the purposes of evaporation, has not been suflSciently 
inquired into. To this circumstance, without, doubt was 
attributable the destruction by fire of the Ajnaam steam ship. 
The excessive heat of the lower part of the funnel, the take-up 
and steam chest, — both of which were in that vessel under deck, 
— created a source of danger which does not exist in vessels 
where both are oiove the main deck. 



With reference to the availability of the tubular surface, 
even the horizmttal posiiion of the tubes, and tlieir being ranged 
in tiers above each other, is peculiarly unfavorable. The lower 
tiers presenting the nearest opening for the escape of the heated 
gaseous products, are first occupied, and at an accelerated rate 
of progress. 

Mr. Atherton has given this subject his attention, yet he has 
overlooked the chemical influences which sub-division, by means 
of tubes, exercises on flame. " The flue system," he observesi 
"is more favorable to the effecting a perfect combustion of the 
fuel, than the tubular." This is true ; but when he adds, that 
" the tubular system is more favorable to the due tranamisgion 
of the heat to the water in the boiler," this is not borne out in 
practice. 

Mr. Atherton, however, has given the most convincing proof 
of the waste and danger of the tubular system. Speaking of 
the combustible gases evolved from coal, he observes, that 
" after having passed through the tubes, the proceeds from all 
the different fuma<!es become collected in the up-take and 
funnel ; and being there combined and mixed together, they 
burst into useless combustion, frequently maMng the funnel red hot." 
This J8 unquestionably true, but it only shews that the eomhtsU' 
hie gases must have passed through the tubes laiconswmed ; and 
having, in the smoke box, encountered the air (which should 
have been supplied earlier), " then burst into useless combusti&ii" 

But there is a more important reason for the large "sectional 
area" in the flues which has not been referred to by writers on 
the subject, viz., that it is absolutely essential, chemically, to 
the completion of the process of combustion and the disposing of 
the products, of which water is so large a one, as will be shewn 
hereafter. 

In calculating the effective surface, then, it should be taken 
with reference to the length of the road, so to speak, along which 
the heated products have to travel in their hurried course, 
rather than to the breoMk, or enlarged areas, which may be, 
Itderaily, or accidentally provided, but which are practically not 
used or available. 




CHAPTER IX. 



OP FLAME, AND THE TEMPERATURE REQUIRED FOE 
ITS rRODUCTlON AND CONTINUANCE. AND ITS 
MANAGEMENT IN THE FURNACES AND FLUES. 

The conwderation of the nature of flame would appear to hnye 
belonged to the firat part of tliia Treatise,, where the relation 
which bodies have, chemiraHi/, to each other, are examined; 
rather than to that of their prarHcat appUeafion in the furnace. 
In the present case, however, they are so tnlimately coonecled, 
that it seemed impossible to do justice, cither to chemistry oi 
practice, by treating the one apart from the other. TMs will 
be the more evident as we proceed. 

Treating of the temperature required for the combustion of 
carburetted hydrogen gas, is virtually treating of flame, which 
ia the first product of that combustion. On this subject we 
may take Sir Humphry Davy as our guide, as he mode It an 
object of such special inquiry. In his " Researches on Flame," 
he observes, " I shall proceed to describe the origin and progress 
of those investigationa which led me to the discovery of the 
principles by which flame may be arrested and regulated. I 
first began with a minule rherniral examinaiimt of (h^ sjibsfances 
with which I had to deal." So far from adopting the same rational 
course, though dealing with the same subject, writers of the 
present day begin with calculations respecting the proportions of 
the vessels, into which the several substances are to be intro- 
duced, while they omit the " chemical examination qftlie sfilstajicef 
themselves. 

Having, afler numerous trials, ascertained the volfime of air 
required for the combustion of the gas, he next treats of the* 
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temperature required for the production of flame ; that is, for 
igniting the given mi^cture of gas and air, which he calla an 
"explosive mixture.'" " This mixture," he observes, "waa not 
expltxled, or fired, by red hot charcoal, or red hot iron ; it 
required the iron to be white hoi for its inflammation." 

That this heat Is required for the ignition of the^rsi mixed 
group of gas and air to which it ia applied, we have daily proof, 
when, to light the gas in our apartments, we apply the heat of 
a separate fame before ignition takes place. This is confirm- 
atory of the high temperature described by Sir H. Davy, since, 
as he observes, " the temperature of white hut metal is far below 
thai offajne." Now, in lighting the gas from our burners, we 
ore apt to overlook the all important fact, that it is not the gat 
which we ignite, but the mixture of gas and air. On the taper 
being applied, explosion, or sudden igpikjlM^"" ^ tAfw ptaw i of 
just so much, or so many groups, of the gas and air, as Itave obtained 
the necessary atomic eontacl, and no more. 

That a high temperature must, unintermittingly, be main- 
tained in the chamber part of the furnace, will at once be under- 
stood, when we consider, that fiame, continuous though it appears 
to be, is but a rapid succession of electric explosions of atoms, 
or groups of atoms, of one of the constituents of the gaa — the 
hydrogen with oxygen ; and as rapidly as their respective 
atoms obtain access and contact with each other ; the second 
constituent — the carbon — taking no part in such explosions. 
Whatever, therefore, interrupts this succession ; (that is, allows 
the explosion of one group to be terminated before another is 
ready, and within the range of its required temperature), virtu- 
ally causes the flame to cease ; in ordinary language, puts it out. 

Again, if by any cooling agency we reduce the temperature 
below that of accension, or kindling, the effect is the same: 
the succession is hrolcen, and the continuousness of the fiame 
ceases ; as when we blow strongly on the fiame of a candle, by 
which we so cool down the atoms of gaa that they become too 
cold for ignition, and pass away in a grey-coloured vapour; but 
which, by contact with a lighted taper, may again be ignited, 
and the aucceseion restored. 



Thus wfi see there are two modes by which flame may be 
ioteiTupted, that is extinguished; both of which are momen- 
tanly in operation in our furnaces, let. By the want of suc- 
cessive mixture or groupings of air and gas. 2nd. When the 
gaa ia reduced in temperature by cooling agencies, aa will here- 
after be shewn. 

Luminosity is neither an element nor an incident of flame. 
It is merely the result of the presence of some other and m&d 
inatler — the degree of luminosity being in proportion to the 
quantity and temperature of such solid matter. In the comhuft- 
tion of cool gas, flame is caused by the union of the hydrogen 
with atmospheric oxygen, the heat produced being intense, 
raising the carbon, if present, to the state of incandescence, and 
producing the effect of luminosity. Here we may admire the ^ 
wonderful adaptation of nature to human wants. Without the 
hydrogen, there would be no heat; and without the carbon, 
there would be no light. The luminosity of the incandescent, 
carbon, then, is the mere result of that liigh temperature whidt 
IB essential to its own subsequent combustion, or chemical union^ 
with oxygen. 

Let this fact, then, be borne in mind, aa it indicates ibt 
cardinal point of the whole process in our fumaces, namely, 
it is not Ihe gas, but the mixture, the emnpound of gaa and aVt 
that is ignited, and which produces the flame, with its heat and 
luminosity. 

This necessary condition of mixture clearly exposes the error 
of supposing that the gas may be ignited or consumed by beinjf 
made to pass over, or in coiinedimi with the red Iwtfuel, Sir H^ 
Davy has shewn that no degree of heat will consume gaa-^ 
combustion being, not the heating the gas, but the chemtad 
union of its constituents with the oxygen — mixing being but ths 
preliminary operation of bringing those constituents and ths 
supporter of combustion into atomic contact, or within tb^ 
sphere of chemical or electric action. 

The two essentials of combustion being laid down by Sir H,' 
Davy, viz. — temperature and contact, he then considers the ma- 
nagement or treatment of the flame, and the means by whidt 
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it may be effected or cxtingiuahed. He states, that on mixing 
one part of carbonic acid with seven parts of the mixture of gas 
and air; or one part of nitrogen with six parts of the mixture, 
their powers of explosion were destroyed, — that is, ignition war 
prevented. Here is a fact never to be lost sight of, inasmuch as 
its application is called for in every stage of the process in our/ 
furnaces and flues. 

Again he obaerves: "If combustible matter requires a high 
temperature for its combustion, it will be easily extinguished by 
rarefaction or by cooling agencies, whether of flolid substances, 
or of incombustible gases." This is highly instructive ; yet, the 
supplying these very means for extinguishing the flame are the 
characteristics of the tubular system, namely — "destroying the 
high temperature by rarefaction, cooling agencies, and mixing toith 
incombustible gases." 

On examination of what passes in furnaces using coal, we see 
the direct connexion between its effect, and what Sir H. Davy 
80 clearly points out as the means of extinguishing the fame. On 
looking into a flue boiler from the back end, a body of flame will 
be seen flashing along from the bridge, and if air be properly 
introduced, extending a distance of 20 to 30 feet. This is the / 
appearance which has to be sustained until the process of com-,- 
lusiion be completed, if we would have the full measure of heat 
developed. 
/' On the other hand, looking into a lubulnr boiler, across the / 

amoke-box, the light of the flame may be seen through the / 1 

tubes ; but, on entering their orifices, or at a short distance / 
within them, it will appear to be suddenly cut short and extin-f || 

guished, and converted into smoke, as shewn in Fig. 75. ' i 

The distance, then, to which flame will penetrate tubes, before 'I 

being extinguished, will depend on the rapidity of the current, — , 

the size of the orifices, — and the quantity and character of the 
gaseous products, entering in company and in contact milk it. i 

These products are— t 1 

From the coke . . carbonic acid and nitrogen. j 

kFrom the gas . . carbonic acid, nitrogen, and steam. 1 

ere we have the very incombustible gases referred to by I 
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Sir H. Davy, — not even in email, but in very large quantitiea, — 
forced into the most intimate possible mixtare with the flame. 
The result necessarily must be, the reduction of its temperature, 
and consequent extinguishment. 

Impressed with the importance of the connexion between 
temperature and ignition. Sir H. Davy dwells on the fact, and 
repeats, that "flame, whether produced from the combustion of 
kirge or S)nall quanlities of explosive mixture (gas and air), may 
always be extinguished or destroyed by cooling agencies ; and, 
in proportion to tlte Iteat requirtd to carry on combustion, so it is Ihe 
more rasily destroyed" 

Again, he observes: — " In reasoning on these phenomena, it 
occurred to me that the eflect of carbonic acid and nitrt^en, 
and of the surfaces of small tubes, depended on their cooling 
powers ; upon their lowering tlie Iwiperature of tlie exploding mix- 
lure ao much, that it was no longer sufficient for its coTitinuous 
inflamimdhm." It is impossible that words can be more explicit, 
or more applicable, and cautionary, as to the consequences of 
bringing these incombustible gases into contact with flame. 
Xet this mixture, and these cooling agencies, are promoted in 
the most palpable manner and to the greatest extent, by forcing 
the flame, together untk t/iese gases, to enter the hundreds of long 
narrow metallic tubes, with their small orifices ; — thus dividing 
into nurnerons films, and destroying the body and intensity of 
the heat, which should have been preserved ; since, as he ob- 
serves, — " the Icettt communicuted hyjlame vmst depend on its mass." 

Under the circumstances of an ordinary _^e boiler, if the 6iie 
be of suflficient area, the products of combustion sepnrate them- 
selves, as seen in the flame of a candle, and as will hereafter be 
shewn. So, in the flue, the hottest portion, and the flame itself, 
will take the upper part, thus avoiding that unnatural mixture 
with its own incombustible products — carbonic acid, nitrogen, 
and ateam ; but which in the tubular system arc again forced 
into contact with the flame from which they had separated 
themselves. 

That the temperature within the tvbes will be reduced below 
that required for continuous ignition, may be tested by looking 
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ioto them through apertures ocrosa the smoke-box end, or bj 
introducing shaviogs or paper fixed to the eod of an iron rod. 
In roost caaes (unleas when the fuel on the bars is clear) the 
paper may be passed in and withdrawn, blackened with soot, or 
anscorched, according to the state of the furnace, iiu^catiog 
the low temperature within the tubes, and their ntter nsdeas- 
nesB an nieam (jimeraiorn, Kg. 76. 

In speaking of the evils of the tubular 
system, these remarks have no reference 
its application in locomotive boilers, where 
oife aJ^ie is used, and for this self-evident 
reason, that no hydro-carbon gas or fuli- 
ginous flame has there to be encountered, 
In the tubes of the locomotive there is, ic 
fact, no chemical or practical reason why the 
heat may not be abstracted from the pro- 
ducts with the greatest rapidity. 

With reference to the size and sectional 
area of the tubes, we even deceive ourselves 
OB to what that area practically is. When, 
for instance, it is intended to give an area 
of 2 or 3 inches, it will not be sufficient 
merely to provide tubes of 2 or 3 inches 
diameter. Allowaneo must be made for 
the effect produced by the rapidity or jwes- 
mrb of tlio body, (whether it be flame, gas, 
air, or water,) forcing an entrance into a 
restricted orifice. The true and available 
area, that which directly influences the mix' 
ing operation of the several bodies simul- 
taneously forcing themselves through the 
orifices, will then be, not as at a in Fig. 76. 
but as at A'. Thus, in effect, a tube of 
three inches of internal area will prac- 
tically have one of but 2\ or 2 inches, 
and so in proportion to the size of the tube, and the amount of 
pressure exercised by the current. So little, however, has 
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been considered^ that not unfirequentlj the ferrule^ or iron ring 
by which the tubes are fastened to the &Ge-plate, is inconsider- 
ately placed withm their ar\fices; thus still more seriously con- 
trading the working area. 

Looking, then, at the practical effect of these numerous 
narrow orifices, and the diminution of the temperature, conse- 
quent on its division, it would be impossible for ingenuity to 
have devised a more perfect mechanical mode of effecting that 
rapid and intimate contact between the flame and the incombtis- 
tible ffoses, described by Sir H. Davy as being so injurious to 
the continuing high temperature of that flame, and, in a word, 
so effective in its extinguishment. 

The inference which this inquiry leads to as regards the high 
temperature required, — 1st, for the ignition, and 2ndly, for the 
sustained existence of flame is, that the tubular system is che- 
mically, mechanically, and practically a destroyer of both. 
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CHAPTER X. 



OF THE CIRCULATION OF WATER IN THE 
BOILEE. 



^8' ^^- Tms imporlant branch of the aubject — promoting 
circulation in the water in evaporative vcseela — 
appears to have hitherto received but little atten- 
tion ; yet promoting circulation ia virtually pro- 
moting evaporation. Mr. Perkins proTed by 
numerous experiments how much evaporation was 
increased by on unembarrassed action of the as- 
cending and descending currents of the water: 
since then, no further effort has been made in 
that direction. If sufEcient space be allowed for 
the action, the ascending and descending currents 
will of themselves take such directions as are 
most favourable for their respective function, as 
in Fig. 77, where an ascending current is seen in 
the centre, and a descending one on the sides. 

Dr. Ure observes, " when the bottom of a ves- 
sel containing water is exposed to heat, the lowest 
stratum becomes specifically lighter, and \b forced 
upwards hy the superior gravity of the superin- 
cumbevt colder and heavier particles." Here we have the 
correct theory of circulation : no particle, or stratum of water 
or steam, (whatever may be its temperature,) being able to 
ascend, or change its position, until some colder or heavier 
particle is present, to take its place and "force it upicards," 
This is the raHonale of all motion in gaseous, or fluid bodies, j 
arising from the nteye difference of specific gravities. Thus, when | 
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ite speak of atoms ascending, we must be conaidered as 

filing tbeir being " forced vjAoards,'^ — ascending being a 
compulsory, and not a voluntary, act. This elementary view of 
tbe motion shonld be kept in view, as it is the basis of all that 
follows; and as we are too often led astray when considering 
the ascending body of steam or water, but neglecting that 
descending body by which it is to be "forced upwards." 

In the case of solids, beat passes from atom to atom by con- 
duction, — no perceptible change taking place in their relative 
bulk, weight, or position. In the case of a Jiuid, the entire 
mass being put into motion by its intestinal currents, circulation 
is continued, and ultimately tbe temperature of 212° is obtained, 
which has been termed the boiling point. 

We have no^v to examine the class of motions and currents 
which are the result of this boiling operation. If we could 
suppose that there was no motion among the particles of water 
during the act of boiling, and that the atoms of steam alone rose 
to the surface on being produced, — in such case, circulation 
would be unnecessary, and tKe contraction of the water spaces 
in boilers would be a matter of no importance, as water would 
then be always present on one aide of the plate to receive the 
heat transmitted through it from the other: such a state of 
things, however, ia contrary to the laws which In^uence the 
change of temperature in fluids. 

So far as regards the motion in water, previous to ebnlliHon, it 
has been commented on by all writers on tbe subject The act 
of boiUog, however, creates a species of currents of an entirely 
different and important character. These have not received 
due attention, yet they are the most important, inasmuch as 
they influence not only the amount of evaporation, but, as will 
be shewn, the dttralility of the boiler itself. 

With reference to the movements among the particles in 
water, it is a mistake to suppose they will descend in the same 
va-tical Ivies in which they had ascended, as a shower of rmn 
would through the opposing atmosphere. Such a direction 
would be impracticable on account of the resistance of the 
ascending currents of both steam and water, caused by ebulli 
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tion. Tbis may be Ulastrated by the annexed drawings. I^. 
76 represents a suppoaititioud case of the partlclee of water on 
reaching the surface, turning and descending in the same 
vertical lines in which they had ascended. Fig. 79 represents 
the afloending particles ol water Jlowing nlmig the surface to the 
coolest and least obstructed pari for their descending course. Tlua is 
what takes place in all boilers. 
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When heat is first applied to water, the uniformity of the 
motion is the mere result of dainnished spi'cijic gravity, that being 
then the soU motive power. After etntlUtion, however, a new state 
of things is created. The columns of rising steam obtain great 
physical power, violently and mechanically forcing upwards the 
water which comes in their way. Vertical streams are thus 
induced, pMWiwy mi tiiotimi a body nf water far greater than would be 
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reqairedfor merely taking Die place of that which had been cofiverted 
into steam. Now, as bodies or streams of water, commemurato 
with these continuously forced upwards, must necesBarily return 
to prevent there being a vacant space, it is for these returning 
or domiward currents, of what may be called surplus water, that 
we are called on to provide both space and facility. 

The difference in the character of the currents before and after 
ebullition are shewn in the annesed figures. These may be 
well observed in a glass vessel, of the shape here indicated, and 
about 4 or 5 inches wide, suspended over the flame of au 
Argand burner. Fig. 80 represents the uniform motion which 
takes place before ebullition. Fig. 81 represents the water after 
ebullition in its descending and revolving currents, /wciVfp Ute 
rising columns of sleam aside from their vertical course, as marked 
by the arrows. These motions, which are not perceptible if the 
water be free from foreign matter, will be seen on throwing in 
a great number of small bits of paper, so as to occupy all parts 
of the water. The entire mass will then be exhibited in violent 
and revolving currents — the ascending steam occupying one 
side, and the descending body of water rapidly descending in 
some other part, but manifestly occupying a much larger area of 
^fte vessel than the ascending portion' 



* * The eartraordinftry body of water forced upwards, and the important 
e^cts produced by the induced currents, manifeHtly required further in vestiga- 
tioD. As the; exerted a great iaflucnce on the amount of eirculatioa and 
evaporation, 1 pursued the inquiry into the cause of these curreots upwards, 
and the increaaed body of water which necessarily required facilities for a 
downward curreut. The result of these expericuental iaveatigations was 
aecertainiug that the prevailing theories reapCLlmg vaporization, ebullition, 
and evaporation, were eiitirely erroneous In fact, that tliis important branch 
of the subject had not been duly exommed, and that the causes of those 
peculiar movements in water had hitberto eecaptd obscrvutiou. Here, then, 
is on unexplored and intereatiDg fitld of inquiry, which will amply repay the 
labours of future investigaturs. In theevent of its not being undertaken by 
others, I propose hereafter giving tlie reault of my inquiries in a separate 
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So gieat ia the ascensional trnergy and velocity of the rising 
Btcani, and the extra water forced before it, that numerous 
globules are borne along by the current, and carried even 
downwards. Thcae naay be obflervcd at a. Fig. 81, in their 
slow oscillating motion, struggling to return upwards through 
and against the force of the descending water. These move- 
ments are highly instructive, and should be well exanuned, 
since, without an accurate knowledge of them, we cannot have 
a right conception of what is required for giving a due circula- 
tion to the water, and arranging the flues and water spaces in 
boilers to enable those motions to be completed. 

The influence exercised by the descending body of water 
was strikingly illustrated in an experimental tin boiler, 12 
inches long, with a single flue running horizontally through it, 
the water being heated by the flame of a large laboratory gas 
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lamp. The boiler being open at the top, the movements of the 
steam and water were thus ascertained, as shewn in Fig. 82. 
So BOon as the ebullition became strong, the water spaces round 
the due appeared insufBuent to allow the steam to ascend, and 
the water to descend, equally on both sides. The consequence 
was, that much of the water forced up bj the steam on the one 
side, was carried over by ita violence, and descended on the 
other, thus making a circular course round the flue, and forcibly 
carrying along with it much of the ateara that came in its way. 
This circular motion is shewn by the dotted arrows represent- 
ing tke steam, and the plain arrows, IM water. 




With the view of observing the injurious consequences of 
reatricted water-ways, a very useful class of observations may 



Fig. 83. 
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be made by using a tall narrow glass as in Fig. S3, attached to~ 
a tin or iron veBsel, with a flat bottom, to receive the heat from 
an Argand burner, or spirit lamp. 

Here the descettding toatn- is so obstructed by the joint 
columna of ascendimj sieam and wafer, that both are thrown into 
great confusion : — their respective currents continually changing 
sides, and the progress of evaporation considerably delayed. 
We here obtain a clear practical view of what must take place 
between the flues or tubes of boilers, with their nsoaUy restricted 
water-ioays. 

The violence and intennitteut action wMch 
ensues whore separate chanuela or sufficient space 
are not available, will be well illustrated in the 
following experiment : Fig. 84 represents two 
long glasses, each 2 inches wide by 18 inches 
long, A and B connected by means of a tin ap- 
paratus c and D, at top and bottom, leaving the 
communication open above and below ; the whole 
h|tt "^ being suspended over a Are, or circular series of 
a! I- )', gas jets producing a strong heat. On the heat 

',tlUM being applied, a current of mixed steam and 
water will be seen ascending in one glass, and 
descending in the other, as indicated by the 
arrows. There being here no confu^on or col- 
lision, a state of things will be produced highly 
favoiu^ble to the generation of steam ; the colder 
water finding easy and continued access to the 
heated bottom of the vessel at e. 

If, however, the communication between the 
two glasses he cut off" by inserting a cork or plug 
in one of the glasses, as seen at p. Fig. 8d, the 
circulation in glass B will be suspended, and the 
glass A will then have the double duty to perform 
of allowing the rising steam to reach the surface, 
and the descending water to reach the bottom 
at E, The previous uniform generation of steam 
will then be succeeded by an intermittent actioO]^ 
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explosive yiolence alternating with comparative calm and in- 
action, dearly indicating that the latter is only the interval o( 
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occuniulatiDg force to be discharged by the former. The 
ratimmU of this intermittent action is, that the water being 
obstructed in its descent, the steam is necessarily delayed or 
accumulated in the lower chamber, and only discharged at 
intervals. The motions exhibited in these intermittent changes 
are little understood, and have not been examined either 
scientifically or practically ; yet this branch of hydrostatics 
merits the most serious investigation in connexion with the 
construction of large boilers. 

Again, this accumulated steam getting sudden vent is 
discharged with great violence, literally emptying both the 
glasses and lower chamber. An equally violent, but more 
sudden, reaction of course follows, and a large body of colder 
water as suddenly ruehcs down to fill the space vacated. An 
interval will then necesBorily be required to raise the tempera- 
ture of this large supply of colder water, and restore the ; 
previous state of ebullition. 

Here, then, we have a natural and physical cause for the 
intennittcnt action on the small scale which takes place in 
boilers on the lai^e scale, where free circulation is impeded by 
the want of adequate space. Here also may be seen the true 
source of priming in boilers where the act of ebullition is 
violent. 

In this experiment, although there was nothing to intercept 
the steam and water in their ascent, the intermittent action 
continued at intervals of one or two minutes. At each irrup- 
tion, the atcam and Water were forced to a considerable height, 
and on its return, striking downwards into the vessel, shaking 
the apparatus with such violence aa apparently to threaten its 
destruction, the blow received internally being accompanied 
with a noise as if a heavy body had fallen on the floor. From 
the great violence and explosive character of the ascent, when 
the intermittent action occurred, it was miinifest that had the 
vessel been a close one, no safety-valve would have been suffi- 
cient to relieve the outburst of these irruptions. 

The wholesome action of a safety-valve depends on a supposed 
uniform and progressive increase of volume and pressure of 
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the steam ; yet, practically, nothing of the kind takes place : 
all is intermittent, indicating a succession of eruptive efforts 
in discharge of the accumulated steam. In truth, after ebulli- 
tion has begun, the whole process is intermittent, — ebullition 
itself is an intermittent, but hitherto unexplained, action. 
Here then we have a practical exemplification of at least one of 
the causes of these explosions which have latterly become so 
frequent. These experiments were repeated with numerous 
alterations in the relative length and diameters of the glasses, 
each presenting some new phase of the process of vaporization, 
indicating that a highly important field still remained for 
investigation, and bearing practically on the subject of the 
areas required for the efficient circulation of the water and 
generation of steam. The subject, however, is too extensive 
and too important to be here entered on, and must be examined 
more at length than would here be practicable. 




ON THE biROULATION OF THE WATER IN RELATION 
TO EVAPORATION, AND ITS INFLUENCE ON THE 
TRANSMISSION OF HEAT. 

With reference to the currents in water caused by the appli- 
cation of heat, the first point for consideration practically is, 
the direction in which the atoms of water approach the plates 
where they are reapectively to receive heat. 

Bemembering that before any particle of water can leave the 
heated plate, and rise to the surface, as steam, it must be "fiyreed 
upwards hy smne nildfr and heavin- pur ticks" Unless, therefore, a 
doe succession of such particles be enabled to take their plaoea 
as rapidly as others have received the heat due to their vaporiza- 
tion, the plate itself cannot be relieved of its heat, and con- 
sequently, evaporation must be retarded. 

To illustrate the direction in which 
the particles successively approach the 
heated plate. Fig. 86 represents a vessel 
of water — the heat being applied /?■«« 
beneath. The question here is, whether 
the colder atoms which are to take the 
places of the atoms of vapour, generated 
at the point A, will approach that point 
in the direction of the arrows B, c, or D. 
From what has been juat shewn, it is 
manifest they cannot arrive in the down- 
ward direction of B, and must neceeearily 
come in that of either C or D. 
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Fig. 87. 




Again, suppose the heat be applied 
hderaSif, as to tlie side plules of afvrnaw. 
The question then will be, whether the 
colder atoms will approach the point 
A, aa in Fig. 87, in the direction of 
the arrows B, c, or D. For the same 
reasons It will be seen that it must he 
in that of either c or D. This is mani- 
festly in favour of vertical, rather than 
horixontal surfaces, as practically has 
been proved in- the case of vertical 
tubes. This advantage may be ac- 
counted for by the fact, that the cur- 
rents of the atoms of vapour, and that of the water about to be 
converted into vapour, will then be running in one and the same 
direction, and consecLuently, without obstruction or collision. 

Now as vaporization does not depend on the quantity of heat 
applied to the plate, but on the quantity tnkeii from if, the 
amount of evaporation will be determined by the rapidity with 
which the colder atoms of water obtain access to the heated 
plate. Hence we sec how more important it is to study the 
means of giving that access of the water to the one side of the , 
plate, than of fieat to the other. 

The annexed figures will illustrate, practically, the direction 
in which the colder water obtmns access to the sidfs and croton 
plates of a furnace : — the arrows representing the atoms of water, 
and the dotted lines those of the rising steam. 

An important question is here raised, — do the atoms of water 
approach the plate in the direction of the arrows as in Fig. 88 
or Fig. 89. Every thing goes to shew that it must be as in 
the latter. We licre then find that the eroiim or horizontal platea 
can be supplied from the vertical water spaces alone ; and hence 
the importance of making those channels so large, and con- 
veniently arranged, that the water may reach them in full cui> 
rent and quantity. This also accounts for the feet that the 
crown plates are the most liable to injury from being over-heated. 
The side plates next the fuel on the bars, becoming over-heated 
and burnt, we shall see, is referable to a diiferent cause. 
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The crown plates of a furnace are 
thea the moat liable to injury from 
the double cause of being exposed 
to the greatest heat, by direct im- 
pact of the flame, and from the water 
having greater difficulty of accesa 
to them, as shewn in Fig. 88." Thia 
causes them freq^ueutly to bulge un- 
der the pressure of steam, as in 
Fig. 90. This bulging on one occa- 
sion occurred in the first voyage the 
vessel had made ; nevertheless, no 
inconvenience resulted from it ; — 
the iron having been of good quahty, 
the boiler remained in a state of 

* Thia has been well illuatraled by 
Mr. Fairbum in a paper read to tbe 
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perfect eB^eiu^ fx many yean ; and when nltiinately broken 
np, the bulged part was as soond and thiok aa it ever had been. 

On thU it may be observed, that if there be any obatmction 
or elug^shness in the water reaching the crown plates (on its 
ming from the vertical water-ways), the violence of the upward 
onirent of steam will oany it in the direction of the arrows in 
£%. 91 ; — thns leaving the centre of the crown plate in contact 
mA Heam raiker Gum water, and by which it necessarily becomes 
over^^bieated. 

Looking to the direction of the water on pasong from the ' 
vertical side spaces to the crown plates, the shape, as in Fig. 92, 
would appear most favourable for aiding the access of the water 
— (the arrows shew tbe direction of tlie water, and ^e dotted 
lines that of the steam). The cylindrical shape, perhaps, offisra 
the most advantages as r^ards direction of the water, and the 
resisting power of the plate. 

Fig. 9L Fig. 92. 




British Awxaation at HoD, delailing some very interesting rerolta of re- 
KaidiM made for tbe pnrpofla of detenninmg the Btteng^ oS Vwwnwi&t* 



The inferenoeB to be drawn from these facts are, — First, that 
every possible facility should be provided for enabling the steam 
to reach the surface of the water without loss of tinie or tem- 
perature. Secondly, that ample space should be given, at Ih 
endt or side», or both, for the large retunttng body of water, which 
had been forced upwards by the violence of the ascending 
columns of stcani. Thirdly, that similar and adequate meau 
should be provided to enable the water to spread along the bottom, 
in its course to supply the numerous vertical spaces between 
the furnaces. 

We will now consider the internal arrangements of marine 
boilers, with reference to the circulation of the water. Pre- 
viously to the introduction of steam power into sea-going 
vessels, boilers were ample in their construction, — the water 
forming one undivided mass within which its intestinal currenU 
had free scope to act, taking whatever course was most favour- 
able and in accordance with their temperatures. The wa^on 
boiler of Watt, and the dome shaped colliery boiler, may be 
considered as types of this class. In such, the question of 
circulation had no practical application. The employment of 
the steam engine for marine purposes, first rendered it neces- 
sary to make a change in the internal arrangements of the 
boiler, as well for economizing space, as for prvoiding adequate 
heating surface. This produces the system of internal ^utt^ 
of considerable leni/th, or lineal run, corresponding with th* 
great length of brick flues, under and round land boilers. 
Instead of one undivided mass, the water was necessarily 
thrown into numerous deep narrow avenues, and thin filme, 
with conflicting internal courses, and multiplied obstructions. 

Here, then, was a new system involving great practical 

boilere. In the boiler which exploded at Long-gide, "Coiiaiderable btrtm," 
he obBerveB, " had been laid upon tlie weakness of the slay which united the 
flat Boriace of the boiler to ttie sides of the Are box. The experimeata raoAt, 
however, clearly indicated that the fire box stays were not the weakest part^ 
and that there was more to fear from the top of the funmce, which, under 
Mevere pretsure, was almost inmiriabh/ the first to give may." This is tb* 
first time any doubt bas been throivn on the compamtivp sti'Pngth of ihis pirt 
of the furnace. 
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changes, not only in the direction of the heated protlucts from 
the furnace, bat of the currents of both Bteiun and water. 
These changes, however, appear to have excited no attention. 
It was said (and in the same loose manner) that the water 
would find its way to the heated flue plates, juat as it was aaid 
that the air would find its way to the fuel, and the steam to 
the surface, viiihout considering what those ways were, or ought 
to be, and whether they were provided. 

The extent to which the heat will be taken from the plate 
is next to be considered. Mr. Sewell,* among many useful 
remarks, has some which suggest important points of inquiry 
in connection with marine boilers. " No matter," he observes, 
" how ably the furnace performs its duty, if the heat given off 
from the fuel cannot be taken up as rapidly as it is produced, 
then of course economy ceases." This, no doubt, is true, but 
lie has left unnoticed the more important point, namely, — by 
what is the heat to be taken up f 

Again, — " Where the power of convection is much greater 
than the power of absorption, then the heat evolved during 
combustion, is carried off without effect." This is also true; 
but we are still left in doubt, — hy what is the heat to be ahsorhedT 

Now this absorption cannot be in the plate. In a well-con- 
structed boiler, where adequate means of circulation of the 
water are provided, there can he no aJisorptimi in Ike plate, which 
is, or ought to be, the mere conveyor or traiismitter. The very 
term absorption implies, not merely receiving, but retaining, the 
heat, and which certainly is not the function of the plate. 

This distinction involves considerations of the last importance. 
By confounding the lieat transmitter— the plate — with the heat 
absorber — the water, — wc fall practically into innumerable errors ; 
not the least important of which are the overlooking the question 
of the currents and circulation of the water ; and the being 
satisfied with meifAy providing a large aggregate of mrfiue; hence 
concluding, that we had also provided a commensurate absorbing 
and evaporative power. Errors of this kind lead to a neglect of 

■ Mlementari/ Treatise on Steam and Locomotives, by John Sewell, L.E., 
Vol. I. John Weale. 
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tiie express (unction of the plate itself, wliich is merely to tra^^ 
mil what b given to it on the one aide, to tliat which will 
receive it on tlie ol/ur. 

In addition then to the power of convedimi, or carrjnng the 
heat through the flues, — which belongs to the gaseous products 
of combustion, — and the power of transmitting the heat, — which 
helongs to the plate, — there is Me tlUrdpower, namely, tliat of 
absorbing tmd retixini-inj (he heat, and which belongs exclusively 
the recljiienf, -which should he water. Now a right understanding 
of these separate functions and duties is absolutely necessary 
before we can determine the relation which the size or surfiico 
area of any one part of a boiler should bear to the rest It is 
from neglect of these distinct functions, and the confounding 
the one with the other, that wc so often err in giving an unwise 
rapidity to the convecting character of the gaseous products, 
and an injurious curtailment of the convectiog range or run. 

On this nhmtrhinri faculty, and still without defining to what J 
it belongs, Mr. Sewell observes — " Much of the comparative 
economy of boilers depends on their absorbing power." Hero 
we are left under the impression that this absorbing faculty is a 
function of some part of (lie boiler, which certainly is not the I 
fact. 

Now it b more important that we investigate the abiorbent 
potaer of the recipient, than that of the plate. All that the plate 
requires is, that its trammitting power — its proper function, he 
brought into action. On this head M. Peclet correctly observes, "^ 
that, "under ordinary circumstances, the quantity of heat 
which a metal plate has the power of transmitting, is far greater-^ 
than what it is really called on to transmit I"* 

To expect then that the plate will exercise a greater power ^ 
of transmitting heat to some other body, than that body posses- I 
ses for receiving and absorbing it, would be a phyetcal absurdity. / 
As well might we expect that a larger quantity of water would 
pass through a porous body than could be contained in the space 

* " Nous avons vu que duns lee circaustanccs ordinaircs, la quantity At 
clialeur que pcut transinettre le metal, est beaucoop plus grande que cdle qu'il i 
a reellenient k transiucttre." — TrailS de la C/ialeur. 
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^Hk which it would be received; or that the steam from the 
engine cylinder could be discharged into the condeuBer, in the 
absence of a sufficiency of water, or space, there to absorb or 
receive it. 

Mr. Craddoek, in the course of his published Lecturesj has 
introduced a new feature in the question of the transnuBsion of 
heat, by drawing a distinction, as to temperature, between the 
two surfaces of the plate. " It must be borne in mind," be 
observes, " that it is the exterior surface, along or over which 
the gases pass, and the difference of temperature between sack sur- 
face and the heated //ases passing over it, will depend the rapidity 
with which the latter will impart their heat to the former." 
This assuredly is not the case. 

It may be asked. Why draw a distinction between the tem- 
perature of the exterior and interior surfaces of the plate (as if 
there could be any important difference), while no notice is 
taken of that on which the temperature of both its surfaces really 
depends, — namely, the character oflJte reripietU^ nf the heatf 

In this dictum we have proof of the prevailing error of 
assuming that the recipient of the beat will always be water, — 
that it will always be present,— a,nd always in contact with the plate. 
This, however, ia pre-supposing the very thing at issue, — the 
very fact which experience denies. If indeed such were really 
the case, it would be a matter of perfect indifference what 
might be the degree of heat to which the plate, or its external 
surface, might be exposed ; inasmuch as all the heat that possi- 
bly could be presented to it, would pass to the water as rapidly 
as it could be received, and no possible injury could take place. 
Tiie temperature of the plate, in trttth, only becomes an object of atten- 
tion when there is a want of adeqvate circulation of t/ie wafer, and 
consequently, a deficiency or delay in its obtaining contact with 
the heated plate surface. In such case, steam must necessarily 
be compelled to act the part of the recipient, by occupying the 
place where the waier should have been, but whose function it 
is BO ill qualified to discharge. 

It is here manifest that as the heat absorbing powerof steam is 
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up, in given times, by the former than by the latter. Again, 
UDce no more heat can he Irnnstnilletl Ihrouyk t)ie plait, from Ik 
one side than can be taken from it inj tiie rea'pietU on the other,— 
the tratumitting power of any given surface must be absolutely 
dependent on the absorbing power of that recipient, whether it 
be oil, water, steam, or air. 

"Water, we have seen, will absorb more heat than steam. Toe 
quantity taken up, therefore, will be regulated, not by the 
" difierence of temperature between the plate surface and the 
heated gasea passing over it or along it," — but by the capacity 
of the rteeiving body, whatever it may be, for absorbing it. If, 
however, from any circumatancc, the water be prevented or 
delayed in gaining acceiM to the plate, the Steam will in a like 
degree be obstructed in leaving it ; the presence of the former 
being the very means by wliich the latter will be effected.* 

Thus the heat which, in such case, cannot be taken from the 
plate, must remain in the plate, — its function being then 
changed from that of a. trantmitler, to that of an absorber; the 
whole process of evaporation being then deranged, as will be 
seen when we come to the consideration of the causes whii^ 
affect its durabilitg. 

Ag^n, the mechanical structure of the two bodies (water and 
steam), has much to do with the quantity of heat absorbed. 
IVater is composed of an infinity of atoms so minute as to be 
utterly inappreciable. Now this very circumstance [nultiphes to 
on extraordinary extent, its points of contact with the heat 
transmitting surface. Steam, on the other hand, ia a scries of 
inflated globules, each of which is 1800 times larger than the 
atom of water from which it proceeded ; necessarily producing | 
greater difficulty of access to the plate, and fewer points of 
contact with its surface. 



* The celerity with which heat is comrannicated from hotter bodies to , 
colder ones, when all other thinga are e([UBl, is proporlionaj to the exlral of 
cuntael and clotenesi af comiQunication between tiic bodies. — Thouipeoa on 
Heat and Eleclriciiy. 
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l^hifl very &ct, then^ supplies a scale by which we are enabled 
to appreciate the superior facilities of contact which water 
possesses over steam — ^if due circulation be obtained ; and the 
greater rapidity with which the former is enabled to take up 
heat^ and its enlarged capacity for retaining it. 

We have next to consider the relation which circulation has 
to the durability of the plate itself. 




CHAPTER Xn. 



OP THE CIRCULATION OF THE WATER IN RELATION 
TO THE DURABILITY OP THE PLATES. 

Having considered the circulation of the water aa regards 
evaporation ; distinginshiDg the separate functions of tlie heat 
traiumitler, and the heat recipient, wc have now to examine its 
bearing on the durability of tlie platee. 

In the first marine boilers, the flues were made deep with nar- 
row water spores, usually about four inchea wide. The object 
then was to combine the two eaaentiala, — adequate length of 
run in the due, with sufficient heating surface. Among the 
disadvantnges of this arrangement of the flues was, the recur- 
rence of injury to the plates in the region of the furnacea by 
becoming over-heated. Although this evil of over-heating con- 
tinues to be experienced, the direct cause of it has remained 
without due inquiry. Its recurrence was usually attributed to 
neglect on the part of the fireman, or the want of sufficient 
water in the boiler i hence more importance was attributed to 
the necessity of having " careful and experienced stokers," 
than to the remedying the defective construction of the boiler 
itself. 

If the water indicated a level above the flues, all was con- 
sidered right, and no thought was given to the possibility of 
its being deficient belmo or around them. Yet experience has 
shewn, that although everything indicated a proper height of 
water in the boiler, the plates, particularly those connected 
with the fumacesj were, nevertheless, subject to be over-heated 
and injured. In such eases, if the iron was laminated, or 
otherwise of inferior quality, it became cracked, or burned into 
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holes. This state of tliings was strikiDgly Illustrated in the 
boilers of the '^0-reat Liverpool" steam ship, on her first voyage 
to New York, in 1842, The engineefj observing the side plates 
of the furnaces constantly' giving way, — some bulging and 
others cracked and leaking, and even burnt into holes, although 
there was always a sii§icienl iteigkt of water in the boiler, sus- 
pected something had interfered to keep the water from the 
plates, and with the view of testing it, introduced an inch iron 
pipe from the front into the water space between two of the 
furnaces. This at once brought the source of the evil to notice, 
for although the glass water-gauge always indicated a sufficient 
height of water within, yet nothing issued through the pipe but 
steam, so long as the boiler was in full action. 

This fact unmistakably shewed that the over-heating of the 
plates was unconnected with the duties of the fireman, and was 
the result of insii^-ient circulation; depriving the deep narrow 
flue-spacea of an adequate supply of water. There was then, 
manifestly, no remedy for this continually recurring evil, and a 

iw boiler became necessary. 

Here then was the exact case suggested by Mr. Murray,* 
" It is a point of the utmost importance that no 
iart of the beating surface of a boiler should be so situated that 
the steam may not readily rise from it and escape to the surface ; 
since the plate, if left in contact with steam instead of water, hecomes 
unduly heated and destroyed." 

Now, we overlook the fact, that the only remedy against this 
source of injury is, providing adequate eirctdation, of the water, 
since the steam cannot " rise from the plate surface" and must 
remain in contact with it, until water or other globules of steam 
take its place and force it upwards ; consequently, if the ap- 
proach of the water be slow, so must be the rise of the steam. 
Tliere can be no vacuum ; no interval between the approach of 
the one and the escape of the other. Either water or steam must 
be at all times in contact with the plate : the relative time, 
occupied by either in obtaining this contact, will therefore de- 

rt the Marine Enyine, by Robert Murray, C. E. London, 
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inde the qaeatioo of the amount of evaporation, and the tem- 
perature of the phitc. 

The important point then for inquiry ia, Why was the plate 
thus left in contact with st«am instead of water? There was 
here no apparent impediment to the eteam rising to the surface. 
There was, however, aa we shall see, extraordinary difficulty of 
accesa to the water to dislodge the i(eam ; and, as Dr. Ure ol>- 
eerves, it must remain, until "forced upwards hy colder and header 
atoms oj" water." 

Aa the details of this boiler of the "Liverpool" will afford op- 
portunities for comment, much of what la pnictically necessary 
for promoting circulation, they are here annexed. 

Fig. 93. 




Vig. 93 IB n plan of the boiler, Brewing the ten fqmitceB, 
and tte narrow water-ways separating the series of narrow 
flues. 

Fig. 94 is a. section from A to B, shewing the water spaces of 
5 feet deep by 4 inches wide, and the direction in which the 
water approached the side and crown plates of the furnaces. 
The bottom horizontal water-space is here seen, of hut 5 inches 
deep, and from which all the vertical spacei were to be supplied. 
This bottom space was also found to be much obstructed by 
sediment and other deposit. Here we see the direction the 
water had to take in its downward course was through one 
narrow four-inch space ; and then to be distributed over the 
bottom area of above 500 square feet in its way to the vertical 
spaces between the furnaces and flues. 

Fig. 95 is a section across the furnace end of the boiler, 
from C to D, shewing the eleven narrow water spaces, and into 

tone of which the trial-pipe was introduced, as already raea- 
tioned. 
rig 96 is a cross section of the after-part of the boiler, 
(rom E to F, shewing the sixteen water spaces between the 
Sues. 
It may here be observed, that the side plates of the ten fur- 
naces, which, as being the hottest, required the largest supply 
of water, were, necessarily, the worst supplied, being t\ie farthest 
from the narrow dovmward current at the back end. It is here 
manifest that the furnace side-plates could not have been 
adequately supplied with water, to take the place of the great 
volume of steam generated from their surfaces, and, con- 
sequently, that the steam must have been retained in contact with 
them. It can no longer then be a matter of surprise that the 
sides of the furnaces became over-heated and injured. 

In this boiler, the ten furnaces being all at one end, the 
water taking the coolest place for its descent, woiild naturally 
flow along the surface from front to rear, as shewn by the 
arrows. Fig, 94, (The construction of this boiler, as regards 
what takes place within the Jlues, will be fnrther noticed in the 
Chapter on " Draught") 



Fig. 94. 
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The first boilers of the '* Oreat Britain^^ Steamer give another 
illustration of the difficulty the water had to encounter in ob* 
twiing access to the vertical spaces^ and the thirty-six crown 
surfaces of that number of flues as shewn in Fig. 97. The 
lower or furnace range of the triple tiers of flues was 5 
feet deep, the second 4 feet^ and the third 3 feet; the nu- 
merous vertical water-ways, though but 4 inches wide, had an 
aggr^ate of no less than 12 feet deep. No adequate or sepi^ 
rate space, however, was provided for the daumward current of 
the great quantity of water that must, momentarily, have been 
required to supply so many ascending currents; the conse- 
quence was, that the ascending steam had to struggle against 
the descending current of the water, while the latter, in its way, 
was obstructed in reaching the plate-surface. Thus, the rapid 
generation of steam, and free access of the water to the plates, 
were both impeded in their respective functions. 



Fig. 97. 
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Anotber source of injury BBpposed to arise from tte tMdnat 
of the plates, here merita attention. On this head Mr. Crad- 
dock, advocating the ose of thin platee, but overlooking the 
question of circulation, and the character of the recipient of the 
beat, falls into the common error. " We know," he obserree, 
" that boiler-plates of j or j inch thick, are often heated very 
considerably, on their exterior, above the temperature of the teitier in 
tht boiler. Thia is known to take place to such an extent, 
practically, as rapidly to deteriorate such parts of the boiler," 

How this extraordinary alleged fact has been ascertained does 
not appear. Yet, a dictum, so opposed to all experience, 
should have been supported by experiments or proof. 

Now, this supposed heating and deterioration of the plates, 
must either be a rmixlanl or an occasional effect. The former, 
we know it is not. The latter, therefore, must have been tlie 
result of some unusual and disturbing cause, but which he hw 
not explained. It is this cause which has been overlooked, and 
which here demands sjicciol inquiry. 

No doubt, plates are often over-heated and deteriorated j as- 
suredly, however, it has nol been mmng to their thickneM. Indeed, 
when over-heating does occur, thtekness is a positive proiection. 
It may then be taken for granted, that, as to the plate being 
injuriously heated, such is absolutely impoaeible, )/ tlw vnUer he 
tn contact wtih it. This, then, is the practical point involved in 
the question of circulation. 

Further, he observes, " We have not good data from which 
to draw unexceptionable conclusions as to the absolute dif- 
ference of temperature between the external surface of the boiler- 
plates, or tubes of different thicknesses, with an intense fire 
acting on them and the water (hey contain." Certiunly we have 
no such data, since no appreciable difference can possibly exist 
between the temperature of the plates, and the water in contact 
ivith tliem. 

The true question here is, whether t/ie toater was or was not in 
contact with the plales P It is manifestly the overlooking this all 
important point, or the assuming that the water had suoh con- 
tact, in fact, begging the whole question, that has led to the 




error of drawing a distinction between the temperature of the 
two eurfacea of the plate. Such a distinction, howeTer, would 
be directly at variance with the laws of conduction, aa it as- 
sumes a degree of congestion of the heat on the one side, and of 
exhaustion on the otlier, although the distance the heat would 
have to travel would be but half an inch. This possible in- 
jury to iron plates, continuing to be thus asserted, demands 
a farther inquiry. 

Numerous authorities might here be quoted ; it will, how- 
ever, be suflicieut to say, that had any such fact been proved, it 
could not have escaped the attention of Dr. Lurdner.* On this 
head, he only confirms what the highest authorities have gtated, 
when he asserts that a vessel cannot be injured by heat, so long 
as it contains any liquid ; that is, so lon^ as the liquid is in con~ 
iaci wick il. 

That the transmitting plate cannot be " unduly heated or 
destroyed," where the recipient of the heat is water, may be 
tested in many ways. Water may he hoiled in an egg shell, or 
in a vessel, the bottom of which, though made of card paper, 
will not be injured. That the temperature of aa iron vessel of 
even half an inch in thickness, containing boiUng water, cannot 
be much, if any, ahove that of the water, may be tested by 
applying the fingers to it, immediately on being removed from 
even an "intense fire." In fact, the temperature will rather 
appear to increase after its removal from thejire. The reason is 
obvious : — the heat being so rapidly taken up and absorbed 
by the water, its current through the plate must necessarily be 
equally rapid. On removal from the flame, however, the ex~ 

* "The absorption of heat," the Dr, observes, "in the process by which 
liquids arc converted into steam, will explain why a vessel coatainingaliquid, 
though constantly exjrased to the action of the fire, can never, while it con- 
tains any liquid, receive such a degree of heat as might destroy it. A tin 
kettle containing water raaj be exposed to the action of the most fierce jvr- 
nace, and yet the tin, whieh is a vei-y fusible metal, wilt remain uninjured. 
The heat which the fire imparts to the kettle is immediately nbforbed by the 
hubbies (aloTng) of water whieh ure converted into steam, at the bottom, and 
rendered latent in them. So long as the water is contained in the kettle, this 
absorption continues; and it is impossible that the temperature of the kettle 
can esceed the temiieratureof boihng water. 

\\ 
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terior turjiux, then receiving do furtber supply or increment of 
heat, ie inetiintly reduced in temperature ; the current through 
the plate then hecotnes reverted, and pastes from the ijuide to tht 
outside. The water side being absolutely the hottest, a new 
equilibrium is established, equal to that of the frater at 212°.* 

Fig. 98. 




* For the purpose of putting this to tile severest teat, an iron veeeel wil 
flat bottom and half-inch thick plate was placed over a furnace, CKjircBslj 
constmcted, so that it might be exposed to a very great heat from a coke fire, 
urged by a strong blast : the rapidity of the cbullitiou was extreme. It wai 
airaDged, that it could be suddeoly removed from the furnace, and the U 
perature of the bottom Jostantly ascertained by the touchof tbe fingers. This 
was done repeatedly, yet, on all occasions, it scarcely appeared lo have the 
temperature of boiling water. 
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The figures opposite represent veBsela of half-inch iron, both 
filled with water, in the act of boiling over a powerful flame. 
Id Fig. 98, the courae of the heat ia shewn by the arrows pase- 
ing from the flume through the half inch of iron to the water 
inside for the formation of steam. In Fig. 99, the vessel is aup- 
poacd to have been suddenly removed from the flame ; the 
arrows shew the then reversed direction of the current of heat 
from the water side, where it continues at 212°, to the out- 
side, where it would soon, otherwise, have been cooled by the 
lower temperature of the air. 

As to the plate remaining at a safe and comparatively low 
temperature, there can be no doubt, seeing that oxidation or 
injury does not take place in iron, until it has reached that of 
redness, and which never can occur bo long as water is in con- 
tact with it. When, therefore, the assertion ia made, that 
plates have been heated so considerably above the temperature 
of the water as to be rapidly deteriorated, this could only be 
made on the assumption, that water was in contact with the 
plate, but which was not the cnse, as in the boilers of the 
" Great Liverpool" already mentioned.* 

A conclusive illustration of the fact, that the plates are, in no 
way affected by thickness or temperature, is afforded by finding, 
that in breaking up old boilers, those parts which were exposed 
to the most intense heat and direct impact with the flame, have 
continued sound, and wholly undeteriorated when the water 
had free access to them, 

With the view of testing the superior heat-abaorbing feculty 
of water, numerous experiments were made ; the result is the 
foCowing tabular view, which sufl5ciently approximates the re- 
lative effect of the several classes of recipients to which the 
plates of a boiler may be exposed. Supposing then that the 
heat-transmitting power be taken at 1000", the portion that 

• Dr. Ure giyes a remarkable illastration of the little effect caused by the 
thickness of the plate, if the water be in contact with it ; stating that he had 
experimenti^d with plutes of twelve times t!ie thickness of others witliout 
producing any injurious effect. 



will he absorbed, in given times, by the following recipients, 
may be estimated as follows : — 



N«WtDoflherecii.ianl. 


UMtrecoivadby Portion of the heat Portion of Uw 

theplite transmitted heat remuiuag 

in given timai. by the pUte. in the pUle. 


Water 


1,000° 


1,000* 


none. 


Water and Steam 


1.000° 


800° 


200° 


Steam 


1,000° 


600° 


400° 


Air . 


1,000° 


400° 


600" 



Thus, a pven area of plate eurface, after it haa received its 
ovn ttatut o( temperature, will transmit the entire 1,000 de- 
grees it had received, if Ike recipient be ieater. If, however, it 
be iteam, 600° only will be taken from it, the remainder, 400°, 
necessarily rrmaiuinff in the plate, there to accumulate and increaie 
in temperature, in proportion to the intenaity of the flame. 

So, if the recipient be air, 400° only will be taken from the 
plate, leaving 800^ to accumulate. From this we learn how 
the absorbing faculty of the recipient regulates and controls the 
transmitting action and temperature of the plate, and the ex- 
tent to which it will be espoaed of being unduly heated. The 
wont, then, of free and adequate means of circulation of the 
water, and an unobstructed access to the plate, so that it may, 
at all times, be the recipient, may be taken as the chief, if not 
the only cause of their deterioration through over-heating ; and 
wholly irrespective of thickness, or the degree of heat to which 
it may be exposed. The temperature and durability of the 
plate will, therefore, be in the inverse ratio of the rapidity of tke 
curreiil of heat passing through it, while such transmitting cur- 
rent will be in the direct ratio of the absorbing power of the 
recipient, whether it be water, steam, or air, or a mixture of 
either. 





OF THE DRAUGHT. 

The Draught, or current of air passing through a furnace, is 
occasioned by the diiference in weight between the column of 
air within the chimney, and that of an external column of the 
same proportions, — the " ascent of the internal heated air," aa 
Dr. Ure observes, " depending on the diminution of its epecific 
gra\-ity, — the amount of unbalanced weight being the effective 
cause of the draught." Since, then, this levity of the iuside 
air is the result of increased temperature, the question here for 
consideration is, how that temperature may be obtained with 
the least expenditure of fuel. 

In marine boilers numerous cases of deficiency of draught 
will be found to arise from an injudicious arrangement of the 
flues, and the conflicting currents of the heated products within 
them. 

Notwithstanding the importance of the subject, still but little 
attention has been given to the causes of these currents and de- 
ficient draught. M. Peclet having examined the subject with 
great care and practical research, his details are so copious, 
and his remarks so much to the point, that it will be well to 
give them due attention, and the more so aa the subject has 
not hitherto been examined by any writer in England. 

Among the inconveniences experienced, a prominent one 
may here be mentioned, as being of frequent occurrence, 
namely, a deficient draught in the side or winff ^furnaces of 
boilers. 

M. Peclet observes, " Where several tubes or flues open into 
one common flue, the currents ai-c continued beyond thoir ori- 
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ficflB, and by their mutual action, affect or modify their re- 
spective forces. If, for example, two flues, A and B, (aee 
Fig. 100) enter the common flue C, by orifices opposite each 
other, the inflnence of their currents on each other will be ml, 
if they have equal rapidity ; because the whole will pass as if 
they had struck ugaiust a plane fixed between them. If, how- 
ever, the currents be unequal, (hat which has the greatest rapidity 
Kill reduce the gpecd of the other, and more or less have the ef- 
fect p( closing the orifice through which the latter flowed." 

Fig. 100. 




Ijf^ll 




" So many proofs of this," he adds, "may be adduced, as to 
put the fact beyond doubt." *' These streams of air," he con- 
tinues, " in this respect, act on each other as streams of water. 
It is already known by the experiments of Savart, that where 
two streams of water, of the same sectional area, act in opposite 
directions, and that one of them has even but a little more speed 
than the other, the latter is pushed buck, and the influence felt 
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lip tx) its source. The reeult of this ooUiBion in the flue ma; be 
avoided by the Diaphragm D (Fig, 101)." Such coniiicting 
currents may be found in almost all marine botlere, yet pass 
unnoticed, even where the draught is manifestly deficient in 
consequence. 

Again, "Phenomena of the same tind will be produced 
where the courses of two flues are at riffkt angleg to each other, 
as in Fig. 102. These effects may also be avoided by the 
Diaphragm D {Fig. 103)." This also ia of frequent occurrence, 
and seriously aflecta the general draught, as will hereafter be 



shewn. 



Pig. 102. 




Fig. 103. 
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AgEun, " Where the chimney or flue ia common to Beveral 
furnaces, the aiTangement should be such that the streams, or 
currents, of heated gas, should not interfere with each other. 
Fig. 104 represents the arrangement that should be adopted in 
such casea." It is needless to observe how frequent this state .. 

I things occurs, and how little attention ia given to it. 
Pig. lOi. 
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rEere a current of hot products isauea horizontally into 
» chimney, it may happen that its draught would be w/irdy 
AtMrmjrd, if the rapidity of fluch current was considerable, as it 
would then have the effect of shutting the chimney like a dam- 
per." He then describee what occurred at a soda manufactory, 
with a chimney for general draught, which he had to coDBtruct, 
and which was also connected with a flue from another app»- 
ratus, as ehewn in Fig. 106. In this ease, " the current from 
the one flue completely neutralized that of the other." Tliia 
he remedied by the partition P. 



Fig. 105. 




Again, where three flues enter a funnel from three differed 
poittis, it is evident, he obaervesj that " tlie diaphragms should 
be BO placed as to leave each current an adequate section of 
tlie chimney," as in Fig. 106. The circumatance here referred 
to may be found to exist in almost all marine boilers. Itarely, 
however, is the interposition of these diaphragnia thought of, 
yet numerous instances of the derangement of the draught, 
particularly of tlie wing boilers, must be within the knowledge 
of all engineers. 



Fig. 106. 




Let us now apply these judicious practical observations. The 
first boilers of the " Gheat Britain" screw steamer, are in point. 
The arrangements of these boilers have already been noticed 
with reference to their impeding the due ciradation of the water. 
We have now to consider them in respect to their influence on 
the draught. 

In these boilers, attention was pven, almost exclusively, to 
two objects : — providing the largest possible amount of Jire- 
graie areas, and the largest ^^egate of internal heating surface. 
As to the former, almost the entire area of these large boilers 
may be compared to an aggregate of furnaces. Nevertheless, 
there was no command of steam, and the eu^eer stated, that 
the wing boilers were unequal in draught to the centre ones. 
The deficiency of draught in the furnaces of the side boilers 
will easily be accounted for on examining the plan of the upper 
tier of flues, and the numerous collisions where the heated pro- 
ducts from twenty-ibur large furnaces entered the funnels, as 
shewn in Fig. 107. 




The fluoa from the four furnacea of each wing boiler, are hen 
inado to enter one cominon cross flue — each thwarting the 
rent of tlie preceding one. No. 1 being checked hy No. 
wliich crosaea it at right angles — whiuh, io its turn, was checked 
hy No. 3, and so on — the eame mal-arrangement taking plaOQ 
in each of the sixteen fluea of the four wing boilcra. These, 
will be seen, are the direct caaeH adduced by M. Peclet, whe 
the products and current from one flue act aa a damper on ti 
draught of its prectding one. 

Again, the joint pi-oducta of the four flues of each wing 
»r« mode to enter the funnel by n ainglc opening, which is ni 
only ttt right anglrs with the flues from the four centre boilen, 
but dirtct/]/ oppotite Io thote of the wing boilers on the other side. 
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Thus the flues of no less than eight furnaces, nil entering by a 
single opening, are brought into direct collision with those of 
the other four, and in the most certain way to affect the 
draught of all. Here we liave a combination of the evils re- 
ferred to by M. Peclet. 

The case of the boilers of the " Great Liverpool" is a still 
greater violation of the rules which should regulate the draught. 
Here, there being but a single tier of flues, the required aggre- 
gate of heating internal surface was obtained by the labyrinth 
of windings shewn iu Fig. 108. 



. 108. 
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la the first place, the flames from the three centre furnaca 
of each half of the boiler are forced into a eiogle flue of bat 
13) inches wide, m shewn by the arrows. Again, the gaeeoua 
products of each set of three centre furnaces, and which are 
necessarily the more powerful, are made to enter the aingle 
back flue at ru/ht angles, and across the current of products froai 
the two wing furnaces, as shewn by the enlarged view 
Fig- 109. It is scarcely possible to conceive a more direct c 
of coUision, or a more eflcctual damper by the hotter ta&i 
larger current from three furnaces, on the smaller current from 
the two wing furnaces. In tbese boilers, it is manifest thai 
nine-tontha of the steam was produced by the plates in con- 
nection with Of. Jitmar^.i almi'-, and by a system of continued 
forcing; the long run of tlues being filled with dense black 
smoke. 



Fig. lO'J. 



I''roni 3 fiirnacefl, 



From 2 wing furnaces. 
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A considerable improvement was effected by constructing' 
furnaces in pairs, as in Fig. 110. This had the important ad- 
vantage of rendering any interference with the supply of lur^ 
unnecessary, by giving uniformity to the quantity of gas 
ing from the bridge to the flue; since, by firing the two fii*- 
naces alternatehj, the supply of gas is equalized on entering th^ 
flue from the bridges. 
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Fig. 110. 




This plan^ it will be seen^ had the disadvantage of the split 
flue at the back end, where, as M. Peclet observes, the hotter or 
stronger current mil always netdralize the other. In practice, a 
strong or hot current of gaseous prbducts will not, voluntarily, 
divide itself, to meet the arrangements of the flues : the whole, 
or nearly so, will pass either to the one or the other, in pro- 
portion to the temperature then in the flue, or to the length of 
the course each has to run to the funnel. 



Fig. 111. 
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The plan shewn at Fig. Ill exhibited a great improvement in 
the former, and has for many years been found the most eflScient 
in practice. 




The plan, ne in Fig. 1 12, was adopted with the view of Si- 
vidlng the gnsGous products, and thus spreading the beat along 
a double surface. Thio, however, was quite defective, in u 
much aa a gaaooua stream cannot be induced to divide itself 
contrary to the laws governing the currents of fiuids; the 
hottest and eliortcst course being always taken by the gaaeons 
products. 

Fig. 11 a. 




The plan of a land boiler, aa in Fig. 113, is that of a still 
more objectionable effort to divide the current into two smaller 
flues, with the view of increasing the internal surface. Here, the 
flue, after passing under the cylindrical boiler, and returning 
through a central flue, is expected to divide itself into two 
streams, one to pass on each side of the boiler, on their way to 
the chimney. This is the c.ise referred to by M. Peclet. A 
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mission, he obaervee, from the Society Indvstrielk of the 
1 Duchy of Hesse, made a series of experiments to de- 
nine the influence of the circnlation of the products of com- 
1 round boileva. By these it was proved, that the flue 
; round the boiler had a considerable effect on the amount 
F evaporation. It wa^ also established, that if the products 
8 aimultaneously by the two side flues, they will nul disiri- 
) themselves equally, and joill only pass htj that which presents 
t least resistance.* 

. the external circumstances that influence the draught, 
M. Peclet adduces many proofs of the importance of avoiding 
any interference with the introduction of the air, by reason of 
the direction of the wind oufside (lie hvUdiiig. This is a circum- 
atauce which has excited no attentton from our engineers. In 
marine boilers, placed low down in the vessel, the direction of 
the wind, with reference to that of the current entering the 
fiimace, has often a considerable eflect on the efficiency of the 
combustion. So, if the wind is opposed to the motion of the 
vessel or the reverse. The importance of this consideration is 
exemplified where the vessel contains two boilers, having their 
furnaces facing different ways. In such case, according to the 
direction of the wind, or the motion of the vessel, one boiler 
will have a better draught than the other. 

That the relative direction of the wind, and the vessel, exer- 
cises a considerable Influence, is proved by the fact, that the fiir- 
naces in some vessels will have a sufficient draught, and gene- 
rate a sufficiency of steam, when going hfad to wind, but be 
deficient in draught when going he/ore tlie wind. These cir- 
cumstances merit more attention than is given to them. We 
hear of the relative merits of two steamers on a trial of speed 
being determined, by a slight advance of the one compared with 

• " The hot air, after having passed through the lower part of the hoiler, 
retarns to the front hj a centre flue, andpasses to the chimney simiiltaneouBly 
by two side fluea. By this arrangement, the heating surfaces are more avail- 
able, but it ii difficult to divide equally the hot air into the two side flues. 
Almost always the current is greater in one than in (he other, and the hot 
win pass but through OTie of (Item. In that case it will be necessary to have 
t at the end of each." 






176 



the other ; — the aupeiiority of the former beiog perhaps attri- 
buted to the form of the vessel ; the true cause, however, oFUn 
depondiug on the lieftir wmnuuid of dratykt, and, necessarily', a 
better command of steam, by which the one was enabled to make 
a revolution of the wheels, or screw, more than its rival. In a 
late discussion at tlie Society of Arte, on the subject of the 
prevention of smoke, Mr. D. K. Clark " testified to the ad- 
vantage of a rapid, or rather, intense draught, in perfecting 
combustion and extinguishing smoke." " Tliis," he observed, 
" was the panacea he constantly held forth for the universal 
prevention of smoke lu large furnaces." Mr. Clark's views are, 
unquestionably, well founded ; but the practical di£Bculty lies 
in tlie obtaining this " intense draught," or an adequacy of 
draught for even imperfect combustion, in many marine boilers. 

The absolute nrinmand nf draught for the generation of the 
required quantity of steam, to enable the engines to work to 
their full power being then so esacntial, it becomes a question 
whether other means limn the nalurnl draught should not be re- 
sorted to ; since, independently of the uncertainty in the 
amount of draught, and the consequent irregularity in the 
working effect of the engines, the cost of suetwung that 
drauglit may be so much in excess of what an artificial draught 
would be, 

This braucli of the subject has excited little attention in this 
country. M. Peclet has investigated it with hia usual care, 
and hb results are worthy of record. " Where the draught," 
he observes, " is created by the expenditure of fuel and beat, 
the expense exceeds one fourth of the combustible vsed. If we 
have not the means of otherwise employing that heat, the 
natural draught, by the chimney, ia then admissible. If, 
however, that heat may be made available for the purposes of 
evaporation, and if a draught, mechanically obtained, would cost 
leas, it would then be more advantageous to use it." 

Among other proofs, he gives two instances which establish 
the fact. One, the hot baths on the Seine at Paris the result 
of which waa, that what was effected by the labour of one man 
alone, when the draught was mechanically produced, cost the 
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value of seventeen men's labour when produced by the nakirai 
draught from the heat of the furnace. 

llie second case was that of a large brewery, where the 
power employed was that of 200 horses. In this instance, a 
venUkUor which employed the power of bmt dx horses^ was miffident 
to produce a dra/uight equal to that of 50 horses, obtained by means 
of the naturdl draught of the chimney* 

He then proceeds to consider the relative merits of the seve* 
ral descriptions of ventilators ; and comes to the cbnclucdon, that 
the rotary fan with plain wings, but with the excentric mo- 
tion, is to be preferred. The mode recommended for its appli- 
cation is given in Fig. 1 14, where, by means of an exhausting fan, 
the heated products were directed into the ordinary chimney 

shaft. 

Fig. 114. 




• Mr. Prideaux, in his rudimentary treatise, observes, " However com- 
patible with the objects sought to be attained may be the plan of keeping up 
the draught through a fire, by the instrumentality of a chimney, where sknv 
combustion only is required, as in the case of a domestic grate, or the Conush 
boiler : whenever, on the contrary, rapid combustion and intense heat are a 
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This opens a new field of mquiry, and which is bz more in- 
porUnt than any question arising from the mere relative coet 
of the naturai or mechaniail draught, the beet constructed haka 
not nnfrequently being insufficient, from the mere circumstaitce 
of a defitnent draught. 

Iro{n«ssed with the importance of the subject, several ex- 
periments by means of a fan apparatus, worked by a Bmall 
steam engine, were then mode. The arrangement, as described 
in Fig. 115, also aiTordcd the means of deciding many important 
points connected with the length of run,— the working tempe- 
rature in the flue, and that of the escaping products at the 
chimney. In this Fig. A represents the boiler, 15 feet long, 
with an upper returning flue, having its own chimney A' fiir- 
nishcd with a thermometer C, and a damper D, Ilouldsworth's 
pyrometer P, being connected with the return flue farthest 
from the furnace. Two sight apertures were introduced,^ — the 
one at S, opposite the furnace, to observe the action of the lur, 
introduced through the door and air-box above it, as already 
described ; the other S' looking into the upper flue. 

To tost the practicability of converting the great beat which 
escaped by tlie chimney, an auxiliary boiler B was attached, 
by means of a continuation flue E, and furnished with a sepa- 
rate chimney B, with an exhausting fan F, to produce an in- 
creased draught. This auxiliary boiler had two thermometers, 
to ascertain the temperature of the escaping products, C and 
C, and a damper jy, so that the two boilers might be used 
seiMirately or conjointly. 



dcsiileratum, Buch a system con only be carried out by 
Aicl. I shall, no doubt, excite general surprise, and perhaps same incredulity, 
when I state that, trotn a calculation I entered into on the subject, I find that 
1 lb. of coal, expended tliroogh the mechanical agency of a steam engine, 
will generate more force, and, consequently, is capable of producing a stronger 
Oiirrent of air, than 600 lbs. of coal expended in heating a column of air, to 
act by its diminished speciAc gravity through a chimney 36 feet high." 




Expoinents with the auxiliary boiler nnd exbaoBtiiig fin 
dnraght : — 



1. With fM drought 

2. With ordinaryk 
chimney draught J 



Water 
ertpcinted 
per hour. 



2C,5 lb*. 
215 lbs. 



2454 Ibe. 
1552 Ibe. 



WMcr 

rTapOTKted 

Cost 



9-2G lbs. 
7-21 lbs. 



capin^. 



1025° 
72S» 



The effect produced by the fan draught was thus not only 
to inoreaae the eva|K>rativc jwwer of the boiler, mlhin the how, 
froro 1532 to 2454 lbs, of water, but to increase the evaporative 
effect from eachpoimd of roal used, from 7*21 to 9*26 lbs. within 
the hour. 

Numerous other experiments were made wiUi and without 
tho fan, and with and w!l)iout the auxiliary boiler: all OOQ- 
flnnatory of the value of the artificial draught, and of the b- 
creancd lineal run uf flue. 

It may hero be observed, tlut oxporiments on heating and 
evaporating must be utterly uM'lesa, unlec^s due attention be 
given by the experimenter to what has hitherto been bo 
neglected, namely, the quantity of heat escaping by the chim- 
ney; the extent of the transmitting power of the boiler; and the 
iwcertaining whether the process of combustion had been com- 
plete. The above described apjianitus supplies the means of 
ascertaining, and with great accuracy, — 1st, the evaporative 
value of different descriptions of coal or coke ; 2nd, the effect of 
greater or less lineal run ; 3rd, the temperature in the working 
flue, indicative of the amount of heat produced throughout each 
charge of fuel ; 4th, the length, character, and colour of the 
flame; 5th, the quantity of air required by each kind of cool 
or coke, and the most effective way of introducing it; Gtb, the 
weight of water evaporated in any given time, and by each 
pound weight of fuel." 
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la proof of the utter uselessneBB of ezperimentB, unless t 
companied by audi data, may be mentionetl the elaborate paper 
presented to the Society of Arts for Scotland. In the details 
of the several experiments, the distinctions here drawn were 
wholly overlooked. The result was, the learned experimenter 
was led to results and inferences altogether erroneous. 

His paper was " On the evaporative powers of different kinds 
of Coal ; " but, neglecting to take account of the quantities of 
heat or heating matter cirried away or lost, and the quantity 
of gaa escaping unconaumcd, or converted into smoke, he came 
to the conclusion that, " the evaporative power of each kind of 
fuel is in t/ie exuct ratio of the fixed carbon contained in each." It 
is needless to say, that such an inference is entirely disproved 
by modern practice, 

A few words here may be said on the subject of quick and 
siota combiijstion, as being connected with that of dmught. The 
impression that a process of slow combustion is more economic 
than a quick process, has arisen fi-om the fact, that a given 
weight of coal will convert a greater weight of water into 
steam under the former than the latter. Were the sole object 
the obtaining the largest measure of heat from a given weight 
of fuel, as, for instance, in heating an apartment by means of 
Dr. Amott's stove — in such case slow combustion would be 
attended with the greatest economy. In the use of coal, how- 
ever, for the supply of steam to an engine, the question is of an 
essentially different character. It would thus be, not how 
many pounds weight of water may be evaporated by each 
pound of fuel, but how many pounds of water can be converted 
into steam by the simllesl qiMntlly of fuel within an hour, lyr any 
given Hint. Time is, in fact, the test of efficiency. The fol- 
lowing experiments will illustrate the merits of the two 



all boilers conatnicted for experimental purposes. So accurate were the re- 
BullB when tasted by the eye, the pyrometer, and the thermometer, that it has 
for many years been the cuBtom of eoai owners to aacei-tain by this boiler the 
effective value of each di-ecripdon of coal ; themselves, or their agents, aupor- 
intending the oixTation. 
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OMUbonit Water evxMnUd Wslerc 

ppr honr. per boui. per lb 






Slow Oomboetion 



84 



787 



9.37 



Quick Combustion 224 1362 6.08 

Now, if no more steam was reqaired for the engine thu , 
would be produced Iram 787 Iba. of water viihin the hour, dm 
oomboBtion would be the most economic. If, bowever, the eti< 
gine required the steam of 1362 lbs. of wnter per bour to 
work to its fiill and required power, then qiiick combustion 
Tould be the most desirable, as being the most efficient. 

Suppose, for instance, a steam ship required that the wheels 
should make 20 revolntiona per minute, and that, to produce 
such, the engines required the steam of 1362 lbs. of water ptr 
hour, what compensation for the consequent \otsa of speed would 
it bo, that although the wheel made but 12 revolntions per 
minute, jet ecunomy of fuel was secured, in ae much as each \ 
pound of cool did more duty, in the ratio of 9.37 to 6.08. 

Thus, it it) vvideut, that ecoJimny and efficiency may be antago- 
DietiO) — economy of fuel being waste of time, and waste of time 
being waste of power. In practice, then, and with marine or 
locomotive boilers, it may be taken as estabUsbed, that rapid 
oombuBtion is more economic of time, and slvw combustion of 
fiuL 




OF THE TUBULAR SYSTEM AS APPLIED TO MARINE. 
LAND, AND LOCOMOTIVE BOILERS. IN REFERENCE 
TO THE CIRCULATION OF THE WATER AND 
THE PROCESS OF COMBUSTION. 

Hating considered these subjects in reference to jlue boilers, 
we have now to examine them in connection with tlie tubular 
system. The annexed viewe of a locomotive and a tubular 
boiler will enable us to appreciate their respective peculiarities. 
In the locomotive. Fig. 116, the furnace compartment (called 
the fire-box) is placed at one end of a long boiler, and so apart 
from the tubular compartment, that, as regards the objects of 
circulation and evaporation, they may be considered in the 
light of separate boilers. 

Fig. Ufl. 





In tlio mitrine boilers, ns in Fig. 117, on the contrary, the 
ttibes, [ilaccd directly over tlic funiacea, become enveloped in 
the utnioBiihero of etcani geocruted, and rising from the 
latter. This \a virtually the placing one buJIer over another; — 
a tubular over u flue boiler, nnd within the same shell. By 
this arrangement, the steam generated from the furnace depart- 
ment (and which is necessarily the largest in quantity) cannot 
reach the surface mthout passing through the numerous close 
Beta of tubes, and the steam and water which eurround them. 

So also of the water ; it can neither ascend or descend with- 
out first working its way through the intricate mazes presented 
by the tubes: — no more certain method therefore could have 
been devised for producing a mischievous interference with the 
respective functions, both of the water and the steam. Here, 
then, ia another violation of the princiiile, that " no part of the 
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heating enr&ce should be so edtuated that the steam may not 
rewKly rise from it, and escape to the sur&ce of the water." 

Daly to appreciate these obstructions, let the inquirer only 
ask, what direction it was intended the steam should take on 
rimng from the ^dea and crown plate of the fiiraace ; or the 
water in its ascending and descending currents ? On such an 
inquiry it will probably be found that the projector had never 
considered the circulation or oorrents of either steiun or water, 
or even thought such an inquiry necessary. 

So little, indeed, has the *' free escape of the steam to the 
Borfaoe," or the currents in the water, been thought of, that we 
not iinfrequently find the congeries of tubes arranged, not in 
verlicai lines, but so alternated that each directly intercepts the 
currents both of the steam and water rising from that below it, 
as shewn in Fig. 118; as if it had been expressly intended to ob- 
stnid circulation rather than promote it, and keep the tubes 
continually enveloped in steam rather than water ; — both having 
to run the gauntlet through a zig-zi^ course of narrow and in* 
tricate passages. 

Fig. 118. 



Dr. Ure observes, that " as the diffusion of heat through a 
fluidmaes is accomplished by the intestine aerrents, whatever 
obstructe these currents must obstruct the changes of tempe- 
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rature." Yet it would be diflicult to contrive a more efiectnal 
mode of obstructing tbe intce^e currents o£ both steam and 
water. 

In proceeding to consider the marine tubular boiler, it will 
be well to take one of modern construction, and examine how 
far it3 arrangements are in accordance with the operatioiia of 
nature, and particularly as to the ibllowing points, vi«. : — 

Ist. The proportions of the furnace. 

2nd. The distance tlio fljune and heat have to tmvel. 

3rd. The time aviulable for giving out heat. 

4th. The admiseion of the iwr. 

5th. Tlic circulation of the steam and water. 

flth. The effects of the tubes, aa heating aurfuces. 

7th. The economy. 

Rg. 11 y. 
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First — Of tlie proportions of the fwmaces. A remarkable fea- 
ture of thid boiler is, that its entire area inay be considered as 
one large furnace, indicating the dcpenJunce on this depart- 
ment for the supply of Bteam. As to its several parts, there is 
disproportion everywhere. The chamber above the fuel is 
not one half the size it should be in proportion to its length. 
Allowing a proper body of fuel on the bars, there will not be 
12 inches apace between it and the crown plates ; yet in thia 
shallow chamber, and under the influence of a rapid current 
through it, all the operations of gas making, gas heating, mix- 
ing with tlie air, and combustion, are to be carried on. On 
this head Mr. Mumiy justly observes," " Aa a large furnace is 
found by experience greatly to facilitate the admixture of the 
gases, and to ensure their more perfect combustion, as well as 
to afford the most effective kind of heating surface, it is of 
great importance that there should be plenty of room over the 
■ fires.^^ It need only be observed, that in this boiler we have 
1 the very opposite of this recommendation ; there being, in fact, 
'i the least possible "room over the fire'." 

So of the ash-pit ; although above 9 feet long, it haa but an 
average depth of 18 inches. Thus the spaces, both above and 
below the fuel, have the character of long narrow passages, 
causing injudicious longitudinal currents, and counteracting all 
the processes of nature. 

Second. — Of the distance which the flame and heat have to 
travel. The deficiency is here remarkable, there being, in 
fact, but a few inches of lineal run between the fuel and the 
first range of the tubes ; say from A to B, It may then be 
asked, what is to become of the great body of flame and half- 
bumed gases rising from the coal on an area of 20 square feet, 
the bars of each furnace being 2 feet 6 inches wide, by 8 feet 
in length ; the six furnaces of each boiler thus presenting an 
^^ a^regate bar surface of 120 square feet, 

^L ■ Now the disposing profitably of this mass of flame ia the 
^HlWally important question. If left to itself, and duly supplied 

^^rweale, 
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• Ruditnetilurif Ti-ealijie on tlie Marine Engitte : by Robert Murray, C.E. 
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with air, it would have extended to a distance of 15 to 20 feet 
from tlic bridge, along which course it would continue profitably 
f^iviog out lieat, and producing cvajmratiou. All this capa- 
bility ie, however, here sacrificed, since, aa already shewn, flame 
eiuinot pass unimpaired, or unextinguished, tlirough a series of 
metallic tubes, and without being so affected by that subdivia 
which weakens and destroy a intensity. 

The management of flame ia, we have seen, at all times 
nn extremely delicate and dttficiilt operation ; here, however, 
all the processes of nature are deranged. Here is the largest 
volume of gas and flame, concurrently with the least proviaon 
for the admission of air for its combustion ; — the greatest quan- 
tity and intensity of heat in the furnaces, with the shortest run, 
and tlie least fraction of time for imparting that heat to t!ic 
pinto surface. Instead of being allowed to pursue its course, 
and have due time for the combustion of its carbon, t))c flame 
is here suddenly and mechanically divided into 360 small 
portions, by being forced into that number of tubes. 

It has already been shewn, that it is essential to the ezistenoe 
of flame, tliat its hij//i temperature be sitsiained, until the pro- 
Cfsa of romliuntiim be conifiMetl ; yet the most eftectual means of 
reducing its temperature, as shewn by Sir II. Davy, is to Irmk 
it up (as is hero done) into mimerotts frrldf portions. The re- 
sult is, that the carbon of the gas, (then in the state of flame,) 
instead of being converted Into carbonic acid, and producing a 
very high temperature, is, by these cooling influences, reduced 
below that of ignition, and then consequently deposited in the 
form of dense smoke and soot. The boiler now before us pro- 
duces unvarying columns of smoke of the blackest character. 
So great, indeed. Is the quantity of deposited carbon, that the 
tubes are not unfrequently entirely filled, and would remain 
permanently choked, were it not that the fuel, becoming al- 
ternately incandescent, and the bars Irregularly covered, much 
air then passes, and relieves the tubes of the deposited carbon; 
filling the atmosphere and covering the decks with mosses of 
" blacks.'' 

Next til the rttitiiixxiiii' of the air, tlie ffnqlk of the ncti is the 



most important element of efficiency in the working of a fur- 
nace. Where short tubular boilers arc employeil in steam ves- 
sels, the only alternative for avoiding the waste by smolie is 
the use of anthracite coal; and which, as it contains but little of 
the hydro-carbon gases, comes nearest to the use of coke in the 
locomotive.* 

With reference to the shortness, or rather absence, of run 
in this boiler, and looking to the great body of flame produced, 
it may be regarded as rather a fortunate circumstance, that 
these masses of tubes arc thus interposed, as they become the 
direct means of cutting short the flame and intense heat, and 
thus prevent it from passing to the take-up and fiinnel, and 
keeping them at the dangerous temperature of redness. 

The inference is, that the tubular boiler (accompanied by a 
short run, with a large area of fire-grate, and using bituminous 
coal,) is wholly incompatible, not only with perfect combustion, 
and obtaining the due measure of heat from the fuel and flame, 
but even with safety, unless under the influence of some such 
protection, or preventive, as these tubes supply, and which as 
eflfectually extinguish the flame as the patent Jire annihilcUor 
does, at the moment its continuance would be productive of 
danger. This is indeed a costly and complicated mode of pro- 
tecting the funnel and up-take. Nevertheless, it has that ef- 
fect, though a very different one from that which had been 
contemplated. 

Ail illustrative of the want of system in this matter, it may 
be mentioned that a land-engine boiler was made at the same 
time, on the ordinary flue principle, but in direct opposition to 
that of this tubular;— the hnd-hoiler having a very long run — 
the roarine-boiler having scarcely any. In the former, the flue, 
after passing under the boiler, the entire length of 30 feet, was 
led round it to the chimney, thus giving a run of 100 feet 

leal. By this means not only surface, but distance and time 
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• The ownera of the Great Britain, with tubular boilers, hare been com- 
_ "^ " to ndupt this description of coal ; 1000 tons of it bdng put on board 
for each voyage. The boilers in this vessel nro on the close tubular 
princiiile. 
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were secured for obtmning heat from the gaseous prodnete, nnd 
transmitting it to the water. In this marine-boiler, on the con- 
trary, by means of the ehort run, both distance and time are 
eacrificeii, and coasequently heating power lost. It would be 
difficult, therefore, to reconcile the principles on which tiieee 
two boilers were constructed, seeing that their arrangements 
were in such direct opposition to each other. Either the one or 
the other must have been altogether erroneous. 

Third- — Of the time allowed for giving out heat. The quti- 
tion of time and distance being so directly connected, whatever 
infiucncea the one must have a corresponding effect on the other. 
When, however, we consider that the time or interval that can 
elapse between the poking the flame from the (iimace, and its 
reaching the tubes, can be but a tmall fraction of a second, such 
must be wholly inaufficient for giving out the heat from so 
enormous a body of flame. In this respect, then, the marine 
tubular boiler is pre-eminently defective. The conseqaence is, 
that the generation of steam is almost exclusively confined to 
the region of the furnace, and the direct radiated heat from the 
flame in thorn. 

Fourth. — Of the admiuion of air. No provision whatever 
is here made, apart from that by the ash-pit. The manifest 
error of such an arrangement will bo beat understood by 
pointing to the utter impossibility of the 300,000 cubic feet of 
air required for the gaa, togetlier with the 600,000 cubic feet 
for the coke from the three tons of coal hourly consumed on the 
bars, to find access through the body of coal resting on them.. 

Fifth. — Of the circulation of the water. In this boiler nothing 
has been done in aid of the circulation, but much, on the con- 
trary, to embarrass both its ascending and descending currents. 
This is even aggravated by the circumstance of the water- 
space, at the back end, which mpie boilers, as being the coldest, 
and farthest from the furnaces, and most favorable for the 
desrendirtfj water, is here the lioUesf ; the great body of flame 
being projected directly against it at C, and therefore most 
unfavorable for that descending current. 

Sixth — Of the tubes, w lieating surface. The value of the 
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tubes, in a locomotive, arises from tlie'ir presenting a larger 
a^regate of interoal heating surface for contact with the 
heated gaseous products — these being chiefly transparent car- 
bonic acid and oxide, and in all instances free from Bmoke CH- 
carbonoceous deposit. In the marine Uihular, however, where 
coal is used, and no such transparent gaseous products extat, 
but on the contrary, where there must be always a large volume 
of fiiUginouB gas and flame, the tube system is wholly inappli- 
cable. 

In adopting the tubular principle in mariTie bmlera, it was no 
doubt supposed that the increased surface would have been 
equally effective and unobjectionable as in the locomotive. 
This inference was drawn, however, without taking into account 
the chemical difference between the use of bituminous coal, in 
the one case, with its accompaniments of gaa, flame, and smoke, 
and of coke alone, in the other, but in which none of these exist. 
Neither was it taken into account, that in the locomotive, the 
draught, and the all-essential volume of air introduced, was 
obtained by artificial nimtis, and was therefore always sufficient 
and under control ; whereas, in the marine-boiler, the required 
draught could only be obtained by a great expenditure of fuel 
and heat — in fact, by heating the funnel. 

Seventh. — Of economy. In the use of fuel in this boiler, 
economy is ovl of ike question. The great supply of steam being 
generated from the radiated heat and impact of the flame in the 
furnaces, the system o^ fordiig the fires iecffines an absohle essai- 
Hal; the greater the weight of coal consumed in given times, 
the greater being the amount of available flame produced, 

As to economy of .ipMe in limiting the length of the boiler, 
we often deceive ourselves, since what is apparently saved is 
not all gained. Flue-boilera are comparatively low, admitting 
much of the coal supply to be placed over them. This may be 
done without inconvenience or risk ; often, indeed, with com- 
parative advantage, the coals so placed thus avoiding the accu- 
mulated deposit of the fine-powdered part, which takes place 
at the bottom of large bunkers when undisturbed, and from 
which that gas is generated which is so often found to ignite in 



192 



spontaneous combustion. Tubular boilers, on the other hand, 
are necessarily higli, extending to the deck. The consequence 
is that stowage for the cool must be provided ebewhere, by 
appropriating a portion of the hold to that purpose. 

In the boiler now under conei deration, the 360 tubes are 
placed in vertical ranges, 15 in each range. It is needless to 
repeat that the tubes, in muges 6 feet in height, could not he 
available ; since the lower ranges are the first occupied as being 
the hottest, with an accelerated current in proportion as their 
area is diminished- 

A further disadvantage of the marine tubular boiler is, that 
there is no place for the deposit of soot, sand, ashea, and other 
matter which accompanies the use of coal; or the scale or sedi- 
ment which is found both inside the tubes aa well as outBide of 
them, in the narrow water-spaces. The result is, that all this 
matter accumulates in the tubes and bottom of the smoke-box, 
requiring constant attention for its removal. 

Again, to facilitate the removal and the clearing the tubea, 
the entire front of the boiler at T>, instead of being water-^MCe, 
ne in flue-boilers, is occupied by a series of doors, 6 feet high, 
and which, as thoy are so liable to be over-heated and warped, 
admit much atr, often igniting the unconBumed gas which hue 
passed from the furnaces, and sending the flame to the up-takc 
and funnel, keeping them at a dangerous temperature, as was 
the case in the steamer "Amazon," over-heating these parts 
which were under-dech, and where no means nf extingaish- 
mcnt was available. 

A practical illustration of the disadvantages of small tubes, 
was afibrded in the boiler of the steam-veasel, the " Leeds" in 
which, for the express purpose of deciding the question, one- 
half the boiler was constructed with tubes of 3 inches diameter ; 
the other having enlai^cd tubes of 7 by 5 inches, as shewn in 
Fig. 120. 
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The result was, that for years no repairs whatever 
were required in the latter, while the former was a continued 
source of annoyance and expense ; beaides that, it was leas ef- 
fective aa a steam generator. Many of the small tubes had to 
be renewed; the water spaces were liable to be filled with 
incruatation ; and the face-plate, in which the tubes were in- 
serted, required to be drawn in, and the tubes again riveted ; 
innumerable patches and additional bolts were from time to 
time introduced to secure the back face-plate, and preserve it 
in its place. 

Here also was a practical confirmation of the fact, that the mere 
circumstance of having a larger aggregate of surface had no ef- 
fect in producing increased evaporation, the nggregafe surface of 
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the small tubff, ill the one-halt' of the boiler, bang dtmbte that of 
the larger ones in the other half. 

An instance of the deeire to obtain a large aggregate of inter- 
nal surface, but without due consideration as to its being 
available or brought into operation, was shewn, in the late 
Bubfltitution, in a vessel of great magnitude, of a tubular for a 
flue boiler; a change, however, wliich was the reverse of being 
beneficial. This boiler, as represented in the annexed figures, 
was not less than 18 feet ti inches high. This may be called a 



Fig. 121. 
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Pig. 122. 
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triple hoikr — one flue, and two tubulars. Looking to the courses 
which the steam and water had to take in this boiler^ it would 
be difficult to estimate the amount of obstructions which each 
would have to encounter^ or the impediments interposed to their 
respective functions. 

As to the general characteristics of marine tubular boilers^ 
Mr. Murray^ in his recapitulation^ places them in strong con- 
trast with what he considers the most important requisites^ and 
which he enumerates as follows : 



" let. The boiler should be designed with a eufBcient amotmt 
of heating surface, bo contrived, that as tittle of it as poeeible 
may be reudered ineffective, either from the retension ofsteamin 
contact vitlh it — from the formation of ecales witltin — or from 
the deposition of ashea and soot in the bottoms of the flues and 
tubes." Now, the tubular system, where, coal is used, is m direct 
opposition to all these conditions. 

"2Qd. The fire-bar surface should be saffictently large to 
admit of the necessary quantity of coal being consumed with 
thin open fires." The policy of this condition, of thin open fires, 
may be correct, where the boilers are sufficiently large, and the 
consumption of fuel slow, as in the dimisk boiler ; but is inap- 
plicable in tlie marine tubular, which, by reason of the short 
run, and the necessity of throwing ao much duty on the fur- 
naces, involves the necessity of lurrd firing und the forcing 
system. 

" 3rd. That the proper area be maintained through the 
fines and tubes, and that the passage to the chimney be such 
that the draught be not interrupted." In the tubular boiler, 
the interposition of the mass of tubes is peculiarly instrumental 
in checking and interrupting the draught by their cooling and 
other influences, but without which, as already shewn, the 
funnel would be kept at a red heat 

" 4th. That the furnaces should be roomy, and that the fires I 
should not be larger than can be conveniently stoked." These I 
conditions, as just shewn, are the very reverse of what exists in \ 
the marine tubular, more especially the first, enjoining a roomy I 
furnace. The last head of this recapitulation is, however, as 1 
follows ! 

" 5th. Which is, perhaps, the moat important of all, and the 
one most neglected, that experienced and careful firemen be 
provided." Now, what the duties can be which demand such 
care and experience as to make this condition " the most im- 
portant of all," is, however, not intimated, and never has been 
expliuned by any writer. It is, indeed, much to be feared, that 
the general insufficiency of boilers, caused by the absence of 
many of the truly important requisites, are too often laid to 
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the account of careless or inexperienced firemen ; yet, it may 
be taken for granted, that if any duties are required, beyond 
those of the very simplest character, and which can be taught 
any able and willing man in an hour, there must be some more 
serious mal-arrangement than can be remedied by any amount 
of care, skill, or experience on the part of the fireman.* 

This is the more entitled to consideration, seeing, that in the 
above recapitulation, nothing is said of that which is really the 
most important requisite, namely, the provision for the admia- 
eion of tlie air to the gas generated in the furnace chamber. 
Yet the great question of perfect or imperfect combustion in- 
volves the providing the relative volumes of air and gas. How 
strange, that with our present knowledge of the chemistry of 
combustioii, so much stress should be laid on mere questions 
of proportions, while the main point, the primurn mobile, ia 
neglected. 

On the inadequacy of the short boiler, short run, and short 
time for the performance of its several functions, Mr. Murray 
judiciously observes as follows : — " Superior economy of lar^e 
boilers. Here arises a principle of economy, from the use of 
boilers of ample capacity to generate steam without the fires 
being unduly disturbed ; and it is believed, that on this ground 
alone, can the alleged superiority of slow over rapid combus- 
tion, be maint^uned." There can be no doubt on the subject. 

^P • WTiere the air is properly introduced, tie dudes of firemen are all con- 
IBrined in the following instructions : — 

tst. Begin to charge the furnace at the bridge end, and keep firing to 
within a few inches of the dead plute. 

2nd. Never allow the fire to be so low, before a fresh ehnrge is thrown ui 
that there shall not be at least four to five inches deep of clear, incandescent 
f\iel on the bars, and equally spread over the whole. 

3rd. Keep the bars con«lsntly and equally covered, particularly at the 
eides and bridge end, where the fuel bums away most rapidly. 

4th. If the fuel bums unequnlly, or into holes, it must be levelled, and tbe 
vacant sptwes filled. 

fith. The large coals must be broken into pieces not bigger than n man's 
fist. 

ethly. Where the ash-pit is shallow, it must be more frequently cleared 
out A body of hot cinders overheat and bum the barn. 
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The true corrective then of these inconvenicDcics consiata in 
letting the size of the boiler and its ports be commensurate wiUi 
the demand for steam. 

In illuBtratioD of the want of any fixed principle for the in- 
ternal arrangements of the several parts of a boiler, it may be 
mentioned, that during the Parliamentary inquiry on the smoke 
nuisance, engineers insisted on what was considered the main 
essential, and which is the reverse of the present practice, 
namely, that boilers should be large enough ; and that waste, 
injury, and the smoke nuisance, were the necessary results 
of making mutll Imlers di) (he loark oflartjer mies. 

Pressed by the value of space in marine vessels, engineers 
have, however, no alternative. In the arrangement of the 
vessels sufficient space is not allowed ; all considerations are 
made to yield to large holds, or large jMissenger accommodation, 
while the boiler, the very source of its ])Owcr, is shorn of its 
necessary proportions. Into the short space of ten feet three 
inclics, the marine boiler we have just been considering (of 
above 300 horse power) had literally to be stowed, and not 
one inch to spare. To this shortness, therefore, in the boiler, 
is attributable the violation of all the laws of nature in working 
out the processes of combustion, drculation, and evaporation. 
Engineers are required to construct small boilers to do the 
work of large engines, the evil of which has been so well 
illustrated by Mr. Fairbairn in his late publication. Under 
these imperative instructions, they inconsiderately turned to 
the plan of the locomotive. The owners of steam vessels will 
in time find out their error. It is, however, unreasonable that 
limits should first be imposed on the engineer which are incom- 
patible with efficiency and economy, and that he should then 
be condemned for not providing the due quantity of 'steam, 
and the required amount of pressure ; for causing too heavy a 
consumption of coal ; the frequency of injury to the furnace- 
plates ; the waste of fire-bars ; the great nuisance of smoke ; and 
the rapid deterioration of the boilers themselves. 

The consideration of these results lead to the conclusion, Ist. 



That the ejatem of numerouB smsill tubes is radically erroneous, 
both with reference to the carrying and traQsniitting the 
heated products within them, and to the currents of steam and 
water outside them. 2ndly. That the placing the mass of tubes 
above the furnaces and flues, renders the application of the 
tubular Bysteui doubly vicious, by its interference with the 
functions of the steam and water; thus directly intercepting 
and obatmeting their rising and descending currents. 3rdly. 
That the short boiler, witli its short run system, is directly 
opposed to the operations of nature, as regards the mixture, 
heating and combustion of the gaseous portion of the fuel, with 
the very large quantity of atmospheric air which is absolutely 
required. 

On the peculiarities of the tubular system, Mr. Craddock, 
having been more comprehensive than other writers, merits 
attention here, and the more so, as he observes, " I have been 
thus particular in enumeratini/ all the objections that I have been 
enabled to collect, as being brought against tubular boilers." 
These objections are thus stated : — 

1st Liability to priming or steam passing off to the engine 
mixed with water. 

2nd. Irregularity in the pressure of the steani from the 
small quantity of water such boilers generally contiun. 

3rd. Liability of the tubes to become furred up by deposit. 

4th. Greater complexity. 

5th. Greater original cost. 

6th. Greater liability to derangement. 

Now these objections are chiefly of a mechanical nature, while 
those which are overlooked, have reference to other and more 
important influences on combustion and its processes. 

To Mr. Craddock's enumeration of objections may then be 
added the following, viz. : — 1st. Forcing the products of com- 
bustion (carbonic acid, nitrogen, and steam,) into the narrow 
orifices of the tubes, and thus producing the most unnatural 
aud injurious mixtures with the flame, from which, in the order 
of nature, they had just separated themselves. 
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iai. Dividing the flame into numerous email portions, thus 
lowering and attenuating ita temperature before the proceee of 
combustion could have been completed. 

3rd, Shortening the flame and diminishing its radiating 
power, by the conversion of the carbon of the flame into tho 
form of soot. 

4th. Practically reducing the available surface, by confining 
it to that portion of the tubes through which the products of 
combustion pass. 

5th. Impeding the ascent of the steam, not only from the 
surface of the tubes, but from that of the flues and furnaces 
directly under them. 

Cth. Obstructing the circulation of the wafer, botli in its up- 
ward and downward currents, by the narrow and intricate 
courses round the tubes. 

7th. Shortening the run, or distance along which the heated 
products have to pass from the fumace to the up-toke, where 
they become useless or dangerous. 

8th. Increasing tlic already Uio-rapid cmrenl of those pro- 
docta, such current being always the more rapid as the area of 
tho tubes is contracted. 

9th. Diminishing tho available time which the processes of com- 
bustion, and the transmission of heat naturally and abecdutely 
require. ' 

10th. Practically confining the generation of the steam to the 
furnaces and the plate-surface in connection witli tliem. 

The onii88it>n of these serious objections are the more re- 
markable, as Mr. Craddock has, himself, justly observed, that 
"Time being om of the eleiiMiits of first importance in bringing 
about an uniformity of temperature in adjacent bodies, it fol- 
lows, that the greater the time the hot matter (the products) is 
in contact with the surface of the boiler, the nearer will it 
approach the temperature of the water within ; or, in other 
words, the less heat will pass away unabsorhed by the water." 
Now the direct effect of the tubular system is to shorten the 
time, and increase the ra|iidity of the current ; thus creating 
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tte very evils he deprecates, by causing a greater portion of 
the heat to pass away unabsorbed. 

Mr. Craddock further obaerves, and in the words of the first 
part of this treatise : " The most obvious way to produce 
perfect corabuation, or to prevent smoke, is to supply the mr 
that is required to produce the combustion of the carbon, or 
glowing coke remaining after the gases are dissipated at the 
bottom of the grate ; whilst the air required for the comhustian of 
the carhuretted coal-gas, shmdd he supplied in sjtch a manner as to 
come into due admixture with it, before it is cooled doum heloio the 
temperature of ignition."* 

Here is a true summary of what is required, ae to air and 
temperature ; yet the direct effect of the tubes, with their small 
orifices. Is to cool down the gas below that temperature. Again 
he adds, " But the mere supplying the air in sufficient quantity 
at the proper place, and even with a suflScieotly elevated tem- 
perature, is not the only condition requisite, as the atoms of 
oxygen must he brought into dose proximity with those of the gas to he 
ignited.*' 

The conditions of perfect combustion are here clearly pointed 
out ; yet so far from the tubular system which he advocates 
being in accordance with these conditions, it is in direct op- 
position in all that regards quantity of air, time, place, and 
temperature. 

On the same point he obaerves, " Bringing such a vast quan- 
tity of the two gases (carburetted hydrogen and atmospheric 
air) into such close proximity, in the short time the gases are 
passing through the furnaces, and before they are too much 
lowered in temperature to be inflamed, ia a matter of acme 

• Mr. Craddock observes, " Here I am bound to say, that Mr. Williama'a 
plan meets the conditipns which chemistry reqixires for perfect combiwrioni 
better than any other with which I am acquainted. Mr. Williams proceeds 
npon the principle of mixing the gas in the furnace with numerous small jets of 
air. These innumerable small jets, by reason of their more readily and com- 
pletely mixing with the atoms of the combining gases, must be admitted to be 
well calculated to produce that intimate mmgling which chemistry shews 
be abaolaiehj neeesaari/." 
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aS&cnhj, thoo^ of great importanoe to the preyeaticm d 
moke, and the gieateet prodoctioa of heat.* 

It appears strange, that notwithstanding this enumeration of 
the bad eflfeets ariang from ^ ike short timiT the heated 
pfodncts are passii^ he should have omitted the worst feature 
of the tubular system, namelj, its so shortening the time and dis^ 
tance as to render the required ^eloee proximity'' a physical 
impossibility* 



CHAPTER XV. 

ON THE USE OF HEiVTED AIE AND ITS SUPPOSED 
VALUE IN THE FURNACES OF BOILERS. 

Since the appearance of the first part of this treatise, sliewing 
the necessity for admitting air to the gases generated in the fur- 
nace, ajiart from that admitted by the ash-pit, numerous patents 
have been taken out for effecting that purpoee. 

With the view of obtaining credit for originality, none have 
attracted more attention than those which assumed that the air 
introduced was to be healed, and that it would thereby become 
more effective. These plans, however, do not merit notice, 
either on the ground of theory or practice. It is right, never- 
theless, that the public be put on their guard against being misled 
by the many plausible theories connected with this hot air 
system. 

Among the devices by which the public have been led 
astray, may be mentioned, the use of hollow bars, supplemental 
flues, calorific plates, self-acting valves, double grates, heated 
tubes, and such like contrivances, — some of which have already 
been noticed, — overlooking the fact, that the whole question, 
as regards furnaces, and the best use of fuel, depends on the 
bringing the solid and gaseous constituents of the coal and the 
atmospheric air together, in the proper way. 

When these ao called inventions came to be examined, it was 
found that they were incapable of imparting any sensible de- 
gree of heat to the great volume of air required. That they 
were, in fact, but so many proofs of the ingenuity of th^r 
respective advocates, and of the ease with which the public 
may be imposed on ; and that the announcement of a scheme for 
consuming, or of preventing smoke, by the use of hot-air was 
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a mere proTcseioaal and ad captaxdma averment, based QB* 
principle, ja^tified by no proofs, and supported by 
or practical author! tj. 

The idea that there was some uudeGued value in the nee of 
hot-air, originated in the hot-blaet eysteni in the roanufactnre of 
injn. The principle or process by which iron may be melted 
has, however, so little relation to that by which the combustion 
of the coal gas in furnaces is effected, that no analogy whatever 
exists between tbem. 

To shew in a still stronger point of view the deception prac- 
tised, either on themselves or on others, it may bo observed 
that it Is not to the eohe or incandescent part of the fuel on the 
ban Uiat these patentees would apply the hot ^r, (as is done in 
the iron furnaces,) but to the gatet in the furnace chamber, 
where the great disproiwrtion between the relative bulk of 
the air required, and the gas, is already so obstructive of rapid 
union and combustion, and one of the great difficulties to be 
encountered. 

With reference to the use of hot-air in boiler furnaces, no in- 
quiry appears to have been made, either as to the temperature 
to which its advocates would raise it ; or even whether, by any 
of their plana, it would be heated at all. Still there was some- 
thing so plausible in the enunciation of a jilan " for consuming 
smoke by means of hot air," that it was listened to by many 
who had no means of investigating lu supposed meiits, or 
detecting its fallacy. 

The first question for inquiry here is, what woald be the 
effect of heating the air before it would be introduced into the 
furnace ? ChemicaVi/, no change whatever is effected. Mecha- 
nically, however, an important change takes place, namely, that 
its already unwieldy volume is still further increased. Thus, if 
a cubic foot of air be heated one additional degree, its bulk will 
be increased -^^ part; consequently, if heated by an addition 
of 480 degrees, its bulk will be doubled. 

Let us then see if any eff'ect be produced on its eonitituents 
by this enlai^ement of its volume. Let Fig. 123 represent a 
body of air at the tempei-ature of 32°, and weighing 36 grains. 
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yi2.9 28 gnuns of nitrogen, and 8 grains of oxygc 
the proportions as they exist in the atmosphere* 

Fig. 123. 




Air at 32^ «■ 36 grains sa 28 nitrogen, 8 oxygen. 

Again, let Fig. 124 represent the same weight of aivy heated 
to the temperature of 32 + 480 = 512° ; its bulk being then 
doubled. Nevertheless, there are still but the same relative 
weights, viz., 28 grains of nitrogen and 8 gi*ains of oxygen, and 
no more. 



Fig. 124. 




Air at 32^ = 36 grains =s 28 nitrogen, 8 oxygen. 

Now, as the efficiency of the air in producing combustion 
and generating heat is not in the proportion of the bulkj but of 
the weight of oxygen it contains, nothing has been gained by such 
increased temperature ; while this great practical disadvantage 
has been incurred — that double the volume of air must be intro- 
duced into the furnace ; and, of course, double the draught 
must be obtained before the same quantity of gas can be con- 
sumed. 

The practical inconvenience of enlarging the volume of the 
Mr by heating it is easily illustrated; for if the oxygen of 
300,000 cubic feet of air, at atmospheric temperature, be re- 
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of one ton of coal, it would re<i: 
of BOO.OOO cubic, feet if nuaed to 512 degrees — a volume whidi 
no natural drattijkt would be equal to. 

Sir H. Dn\'y rays, — " By heating ttrimijly gcuet that burn with 
difficulty, the continued inflaniniation becomes easy." Thus, 
Bs tltey are more easily inflamed when hot than cold, we have 
this testimony in favour of heating the gas rather than the air. 
With refercDce to heating the air, and thus expanding it, ^ 
H. Davy doea not appear to have attempted it; but he has 
done what was more to the point — he tried the effect of condenh 
iwf it. Professor Brande says, — " Sir H. Davy found con- 
siderable difficulty in making the experiments with predsion; 
but he ascertained that both the light and heat of the flames of 
sulphur and hydrogen were increased in air condensed fa«r 
times." This is decisive gainst Heating the air, and in favour 
rather of condensing it.* 

If, as already shewn, by heating the air we necessarily en- 
large ita bulk, and reduce the weight of oxygen in each cubic 
foot, we aa necessarily diminish its efficaoy in the furnace. 
Under such circumstances, the only alternative would be the in- 
creasing the draught, to compensate by increased quantity for 
diminished weight. Were it possible to heat the air without 
causing any enlai^ement of its bulk, we should then be in a 
position to decide on the relative merits of air at any given 
temperature. As, however, that is impossible, it is indisputable 
that we gain nothing by heating the air, more especially when 
we do 80 by the suicidal means of taking heat from the very 
furnace in which it was to be used, while we should seriously 
ouibarrass ourselves by having to increase the draught, and 
which could only be done by some mechanical blowing 
apparatus. 



* Mr. David Mushet, in a letter on tlie bot air Mlacy, weQ describes peo- 
ple flying to iiroducc " a great revolution in Meiim engine iiimaces, by ap- 
plying Lot air to the mere combustion uf coal ; " and settles the qiiestioe at 
once when he sayii, " The value of dense air in promoting TOmhustion m eo 
undeniably established, that we should do better to attempt to solidify it, in 
contact with cotnbuatible matter, rallier than to viilalilite it." 
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e phyeical difHculty which heating the air would 
e in the preliminary o|>eration of mixing : the atoms of gas 
; thrown at a greater diatance from each other, by the 

enlargement of the bulk of the iiitervening air, aa ehewB in the 

annexed figures. 




The lai^c drclea repreaent atoms of 
air, and the small black circlea those 
of the gas ; each of the latter being in 
contact with four of the former, equal 
to ten times its volume. 



Fig. 136 represents the 
same weight of gas and 
air; the only difference 
being, that the air ia 
shewn with its enlarged 
volume consequent on its 
increased temperature. 

Here is truly repre- 
sented what would occur 
by heating the air, the 
atoms of gaa beingthrown 
so much further apart, 
and consequently pro- 
ducing a corresponding 
difficulty in effecting that atomic mixture which is the msun 
requisite of combustion. Thus, in whatever point of view the 
subject is considered, it is manifest no chemical or practical 
good can be effected by heating the air. 

The use of hot air having engaged the attention of Mr. 
Prideaux, in connection with some departments of the manu- 
tacture of iron, he endeavoured to reduce his theory to practice ; 
but candidly admits that " his an/icipatitma were not realixed." 
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Hb obseirations, however, m given in hia treatise already re- 
ferred to, arc eo conclusive ogniiut the aae of hot air, aod k 
oonfinuatory of what is asid iil>ove, that it can only be a matter 
of surprise he ehould have lent himself to the hot air Mlacy. 

He correctly obaervea, — " There is, no doubt, more heit 
contained iu the products of combustion from a given weight of 
coal and air heated before ignition, to 720°, than would be 
contained in the products of the siime quantities by teeigU of 
gases ignited at the temperature of 60°. Wlien we take ^ven 
meattirta, however, instead of given weighls, flte case it reversed.^ 

This ia the whole case of the furnace: it ie not the measure of 
the air introduced, but the weight of oxygen in each cubic foot 
that will influence the amount of heat generated. Hie reasDO- 
ing throughout ia " in explanation of the eflfect of hot air in 
diminiihinij the heat of the working cliamber of reverberatoiy 
fumncea," and he might add, A fortiori in tlie furnaces of boilers, 
where no aid could be had from mechanical draught or 
pressure, to counteract the effect of that increased volume 
which heating the air would produce. 

Again, ho observes, " Whenever I took any steps to effect 
this object in the puddling furnace, I encountered the fact, that 
precisely as my arrangements for heating the air became more 
perfect, did I destroy the draught through the fuel, deaden the 
fire, and lessen the yield of iron. This unexpected result I 
attributed to the rarifaction of the air in the ash-pit. When 
the atmosphere ia 60°, air is (huble in volume at 568°. When 
thus rariiied a muck smaller quantity will pa«s in a given time, wider 
the ordinary pressure of the atmosphere, than would pass were the air 
at 60°, and, consequently, of double the density. The result is, 
a greatly diminished draught, and lees intense combustion ; and 
it is to not having rightly appreciated these conditions that the nu- 
Uicrons failures which have been incurred in attempting to apply 
heated air to furnaces, must, in part, be attributed." 

Reasoning cannot be more con-ect, and at the same time 
more conclusive, against the error of attempting to increase the 
efHca«y of the air, in the combustion of coal gas, by heating it. 
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CHAPTEK XVJ. 



PU THE INFLUENCE OF THE WATER GENERATED IN 
FURNACES FROM THE COMBUSTION OF THE 
HYDROGEN OF THE GAS. 

Aleeadt many proofs have been given of the injurious resulta 
of the tubular ayatem, where gaa and flame have to be dealt 
with. There is one other circumstance atill to be mentioned, 
id which demands particular attention, namely ,^the genera- 
in of a large quantity otvxiter in furnaces in which coal gas 
IS produced and consumed, and which, being in the form of 
steam, becomes the largest product of that combustion. 

In the ordinary use of coal gaa, the presence of this water of 
combustion attracts no attention,— generated as it is in araall 
quantities from the flame of each separate burner. From the 
enormous quantity of gas, however, which is hourly generated 
and consumed in large furnaces, the great quantity of water 
formed will be found accompanied with evils of a serious 
magnitude, unless due provision be made for its disposition, 
It seems strange that the numerous writers on the construction 
of boilers, and the combustion carried on in their furnaces and 
flues, should have omitted all reference to this great quantity 
of water, and the important difference in the mode in which it 
is disposed of, in flue and tubular boilers." 

^P • It appears, by a paper read at the InetitQlioii of Civil Engitieera, June 13, 

^B<3, that in consequence of the serious injury sustained by the books in the 

Library of the AtheniEum, London, the attention of Mr. Profeaaor Faraday, 

ae well as of other scientific members, was drawn to the subject of ventilating 

the lamp burners. The result was the adoption of a system, by which the 
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Tlw faot of this great quantity of water being prodoed 
admitd of no doubt. Bituminoug coal, we have seen, contsine 
from 5 to 6 per cent, of hydrogen, and as each pound of hydro- 
gen, in combaation, combines with eight pounds of atmoapbertc 
oxygen, the product ia 9 lbs. of water. Each hundred wei^t 
of ooal then, containing on an average 5^ lbs. of hydrogen, 
the product will bo nearly 50 lbs. of water. Thus the gu 
from each ton weight of coal will produce about half a ton 
weight of water, in the form of steam. 

When the coal gas is generated in the furnace, the first 
operation towards ita ooinbustion ie the union of \tA hydrogen 
with the oxygen from the air, forming water. This chemical 
anion, na already shewn, produces that intense heat which 
raises the other constituent — the carbon, to the temperature of 
incandesc«nco in the form of bright visible flame. It ia this 
heat which, on being applied to some solid body, as charcoal, or 
lime, produces the extraordinary luminosity exhibited in the 
oxy-hydrogcn microscope. 

The water thua formed, flies off" in iuvlaiblc radii, from the 
surface of the flame, and with the explosive force due to its 
high temperature. The presence of this water may be made 
visible by approaching any cold polished metallic body (as the 
blade of a table knife), near to, but not touching, the flame of 
a candle. The previoualy invisible radii of ateam will then be 
seen condensed, like moisture, on the polished surface. 

Thia may be exhibited on a larger scale by holding a new 
tin kettle of cold water, with a bright bottom surface, one or 
two inches above the ghiss chimney of ao Argand gas burner. 
The water of combustion will soon appear cundenaed on the 
bottom, in presence of, and as it were in defiance of, the great 
heat to which it ia exposed. This will continue until the 
water in the vessel reaches a temperature of 80°. 



water, and other producU of Uie cumbustion of the ga^ are effectually carried 
away. The plan comietii of placing a second gloBs cylinder, larger and taller 
thaD tbc ordinary one, over it. This outer glass is closed at tlie top, and the 
imiductB, poBsing downwards between the two glasses, are earned away by a 
metal tube to the chimney stack. 
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By the apparatus shewn in tlie annexed Figure 127, tlib 
water may not unly be condensed, but collected. It conaista 
of a tin vessel. A, about four feet long, filled with cold water : — 
the flame of a. large gas burner B, and the heated products 
passing through the flue C, slightly inclined from c to D, to 
favour the escape of the condensed water of combustion. 

The flame and other products of the gaa being directed 
through the flue, the steam will be condensed within it, and 
the water will continue dropping from the lower end into the 
Teasel E, as long as the flue remains sufficiently cold: — the 
other products pasaing oflf by the funnel, and at a very low 
temperature. 

This process may be continued for any length of time by 
having some ice in the water to keep the temperature of the 
flue sufficiently low to promote immediate condensation of the 
steam. Here the Jlame appears literally converted into water, 
these being the only two of its products that are visible. 

It is now to be considered, how ia this great volume of steam 
to be disposed of. 

In boilers on the Jlue system where there is sufficient room, 
this steam produces no injurious effect, by reason of its having 
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space to tepnratt itself from the flame, as rapidly as it Is 
generated. 

In the tubular Byatein, however, the injurious influence of 
this mass of steam ia serious and palpable. Instead of pasmng 
away in a flue, with a sectional area of 8 or 10 equare feet, it 
is forced by the draught into the hundreds of amall metallic 
tubea of but 2 or 3 inches area, and thus brought into imme- 
diate and even atomic contact with the flame Jrom which it had 
Jtttt been separated, — both atrugghng to enter their narrow 
orifices at the same moment. The immediate and inevitable 
result of this compulsory mixture ia, the cooling the atoms of 
the carbon, which gave luminosity to the flame, and its con- 
sequent extinguishment, precisely aa the steam formed by the 
combustion in Phillips' fire annihilator acts on flame, when 
brought into contact with it. By the tubular system, the 
great body of steam being thus mechanically compressed intu 
the closest possible contact with the flame on entering the 
mouths of the tubes, ia compelled to act the part of the 
annihilator. 

It is this artiflcial mixture of the dry carbon with the steam ' 
that forma the sooty incrustation In the interior of the tubes, 
flues, and chimney. Were it not for the presence of this | 
steam, the dry pulverulent carbon, such as we see collected on ' 
the wick of a tallow candle (where the new-formed water has 
no access to it) would, from its levity and dryness, pass off" 
rapidly by the chimney: forced, however, into contact with the 
steam, a black, pasty, non-conducting mass is formed, adhering 
to whatever it touches, and soon, from the heat, becoming hard 
and solid. 

It need scarcely be observed, that nothing of this kind occurs 
in the tubes of the locomotive; no hydrogenous gas being gene- 
rated—no steam of combustion formed, and, consequently, no 
carbon or soot deposited. 

The provision which nature has made for the immediate 
separation of the water from the heated flame may be noticed 
in what takes place in the flame of a candle. When left to 
themaclves, the several products of the combustion of the gas, 



rapidly and effectually separate, ao as not to interfere with each 
other, or reduce the high temperature on which perfect cora- 
buBtion and luminosity depend. 

In the flame of a candle, the unde composed and unconeumed 
gas appears surrounding the wick, and in the centre of the bril- 
liant incandescent carbon. Outside this white exterior, and 
forming a semi-transparent film of t'o of an inch in diameter, 
may be observed the vertical stream of carbonic acid gas, the 
product of the carbon; while that of the other constituent, the 
hifdrogert, were it visible, would be seen flying off in radii, until 
absorbed into the surrounding atmosphere. 





The annexed Fig. 128 will represent a. vertical) and Fig. 129 
a oroBS section of the flame: a representing the carbonic a eid, 
and b the radiating stenm. Instead of imitating this process 
of nature, in keeping asunder those several products (carbonic 
acid, nitrogen, and steam,) which would neutralize each other, 
we force them into the most unnatural mixture and union, 
regardless of their chemical action when brought into contact. 
We here see how absolutely necessary it is that in every stage 
and process of combustion we keep in view those truths of 
nature which chemistry has bo clearly indicated. 




ON INCREASING THE HEAT-TRANSMITTING POWER 
OF THE INTERIOR PLATE SURFACE OF BOILERR. 



This branch of the subject has hitherto been entirely over- 
looked. Inquiry has shewn that the mere providing a lai^ 
internal surface will not suffice for taking up the heat generated 
in large furnaces ; and that, to turn to account any portion of 
that which, under the best arrangement, is now absolutely lost, 
we must look to other means than the tubular system. 

The question for consideration is, whether an iron plate can- 
not be made to transmit more heat to the water than is due to 
its mere superficial area. From what has been shewn of the 
slow rate at which the air enters the furnace, when mechanically 
divided into jets or jUms, we are not to infer that the gaseous 
products, when raised to a high temperature within the furnace, 
would paas through the flues at the same slow rate. On the 
contrary, we find those products are hurried across the face of 
the plates at a considerably increased velocity. This it is which 
calls for increased means of transmission from the beat to the 
water, when larger engine powers are employed, and more fiiel 
is consumed. 

Under the most favorable circumstances of boilers, a larger 
portion of heat will be lost than would be required for merely 
producing the necessary draught. Experiments were, therefore, 
made with the view of counteracting this great waste of heat, 
and which established the fact, that it was possible, to a certain 
extent, to increase the quantity of heat transmitted by any 
given surface of plate. It is true a plate, 10 feet by 10, equal 
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Daqnre feet, pre«enta the same amount of Burfaoe area 
aa one of 100 feet long by 1 foot wide. As a atcam generator, 
however, the effect would be very different : — the lineal run or 
distance travelled over being as ten to one, and occupying Im 
tecoads of time ia the first, and but one second in the other. 

When the gaseous products of combustion are carried through 
flues or tubes, this lineal current passes at right angles to the line 
(^ tranamistion of the heat through the plate. If, however, we 
beat one end of a rod of iron, a large conducting power ia 
brought into action, the heat paasing limc/itudinally along its 
fibres. Now this is the power that has been here rendered 
available. 

Independently of the condttcting power which a metatlia pin 
or rod may have, it posseasea then a receiving power, greater 
than is due to its mere diameter. 

Suppose an iron or copper pin of half an inch diameter, in- 
serted in A plate, and projecting into the flue three inches beyond 
Hi mrfaft, and across tb^ eurrent of the lieai.td proditls. In euch 
cose the portion of such plate occupied by it will be equal to a 
disc of but half an inch in diameter, while the pin itself will 
present a heat receiving surface of 4J iuches. By this means 
we obtain an effective heat receiving surface nine times greater 
than the area of the plate which the pin occupied. If, then, a 
series of these conductors be inserted in the flue and furnace 
plates, there will be an increased effect from the circumatance 
of the current of the heated products being directed against them, 
instead of pas-sing along (hf snrjace of the plate. 

The popular impression that the three-legged pot boiled 
sooner than the one without legs, though it passed as a fable, 
was, nevertheless, a true one, — the legs acting the part of heat 
conductors. This was tested by having a large pitch-pot con- 
structed with twenty legs instead of three — the bottom being 
thus furnished with so many projecting conductora, each six 
inches long. The result was, that pitch or water was more 
rapidly boiled in thia than in one of the ordinary kind. The 
principle of projecting heat conductors thus was shewn to be 
entitled to attention and practically available. 
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The following experiment is illnstrfttive of the increaaed 
evaporative effect produced by the conductor pins. In Fig. 
130, 1 nnd 2 are tin veasels containing the same quantity of 
cold water, 1 being furniehed with the conductors made of ^ 
copper wire, and 2 left plain ; a thermometer, 4, being suspended 
in each : 5 is n vertical flue, through which the products Irom 
the ilame of a large gas-burner parsed. Fig. 131 is a sec- 
tional view of the same. The temperature in both vessels was 
taken in two-minutes' time. Tlie following are the progressive 
rates at which the water was raised to the boiling point. 



ni« mil, 


Conductors. 


itial Temperature, 61° 


After 2 ininuteB, 75° 


» 4 


„ . 95° 


., « 


„ . 124° 


,. 8 


„ . 151° 


„ 10 


„ . 177° 


., 12 


„ . 201° 


1, IS 


„ . 212° 



Pan without Conductors. 



Initial Temperature, 61° 
After 2 minutes, 70° 



14 



, 130° 

. He*' 

. 156"* 



.203° 
. 210° 
.212" 



Thus it appears that the water in the pan with the heat con- 
ductors, was raiae<l to the temperature of 212° in 13 minutes, 
while that in the plain pan required 29 minutes. 

The following experiment shews still further the value of 
assisting the evaporative power by the aid of these conductors. 

Three tin boilers, as in the annexed figures, were placed in 
connection with a large laboratory gas burner. In each was 
put 22 lbs. of water ; 30 cubic feet of gas were consumed in 
each experiment, in two hours and forty minutes. The result 
was as follows ; — 

lbs. 0£. 

No. 132, without conductors, evaporated 4 14 of water. 

133, with conductors on one side only 7 14 „ 

134, with conductors projecting on 

both sides . . .85 „ 
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Fig. 182. 




Evaporated 




41b. 14 OS. 



Pig. 133. 



Evaporated 



71b. 14 oe. 
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The quantity of gas oonsumed was the same in both cases, 
— the heat generated was the same^ — the area of fine plate 
was the same, — ^the difference in effect was therefore alone 
produced by the greater quantity of heai transmitted to the water , 
langitudinanyj through the conductors. 

In this case^ the heat conveyed to the water, and that es- 
caping by the funnel, shewed that where the waste heat was 
greatest, the eyaporative power was necessarily the least. 

Fig. 192. 
Pan unthout Conductors. 



Q«8 oonsumed. 


HMt of Water. 


Heat eacH>iiig. 


• • • 




68 




62 


5 feet 




120 




. 382 


10 




162 




. 390 


16 




162 




. 396 


20 




164 




. 396 


26 




166 




. 402 


30 




166 




406 



988 
Evaporated 4 lbs. 14 ounces. 

Fig. 133. 
Pan with Condudors projecting on one side. 
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Heat of Water. 


Heat eacaiNiiK 
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6 feet 
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. 160 
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16 
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386 


20 


. 178 






392 


25 


. 186 






300 


30 


. 188 
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1085 



1996 



Evaporated 7 lbs. 13 ounces. 



Fig.^34. 
Pait with Conductori priyectinff on both tidei. 



5 feet 
■ 10 
15 
20 
25 

'so 



HeatorWHter. 
58 
152 
174 
178 
182 



1110 
Evaporated S Iba. 5 ounces. 



Heat eaunping. 
62 



273 

276 
278 



The comparUon of the three pans then stands thus : — 

Heat letainod. Heat lost. 

1 Fans without conductors 988 2432 

2 „ single conductor . 1085 1996 

3 „ double conductor . 1110 1703* 
Numerous instances might here be given of the succesaful 

application of these heat conductors both in land and marine 
boilers, in which several thousands of 3-inch pins have been 
inserted, and where they have been for years doing constant 
duty without a single failure or leakage. 

It is here worthy of remark that M. Peclet, in his Traite de la 
Chaleur, has suggested a similar mode of increasing the trans- 
mitting power of a given area of a plate. He begins by dis- 
tinguishing the three characteristics of a plate. First, — the 
reception of heat by one side. Second, — its emission from the 
other side. And Third, the power of conduction through the 
body or thickness of the plate. He then observes that a plate 
of metal has the power of transmitting far more heat than it ia 



• These, and other experimenti in iUuatration of the 8 
published in the Mccihanice' Mngazme, in 1842. 
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really and practically called (^ to transmit, on account of tiie 
current by which the heat is hurried along l/ie /ace of it. 

Among the inodce of counteracting ihie rapid current, he 
observefl : — " If the plates were crossed by mefullic bars, which 
shouid prefect to a c^taiti ejelent into both fluids (gaseous or liquid), 
one of which was to heat the other, the extent of surface con- 
tact being increased (by the burs), the qtutrttity of heat fransmiltfd 
would be increased, anil the more 80, as the stratum or film of the 
fluid in contact with the bars would be continually cbanging." 
He then auppoees a case of hot mt (as the products of combus- 
tion in a flue) passing through a tube surrounded by water, 
to which the heat was to be conveyed, and being traversed by 
metallic bars projeHing both inwards and outwards. In such case 
the interior projections will become heated, and this heati 
passing almig lite bars, will be given out from their surfaees. It 
will here be seen that this is identical with the illustrations 
here given. 

M. Peclet observes, that this arrangement lias not hitherto hem 
put in practice. He was not aware, however, it may be assumed, 
that it had been previously, and many years, in practice both in 
land and marine boilers. 

Conductor pins were applied to the boilers of a six-horse 
engine. The result was, that each inch deep of water which 
previously required 28 minutes to evaporate, was, by means of j 
the conductors, done in 21 minutes.* 

Encouraged by these reoultg, conductor pins have been, during 
the last 12 years, introduced into many marine and land boilers 
with unquestionable success. After many years of observation 
as to their durability, the conclusion is, that a projection into 
the flues of 3 inches is the most advisable. If longer, they 
will bum away to about that length. 

* Dr. Ure, impressed with the some view, made iwme eKperimentB with 
corrugated plates. The eflect, he observeM, (see hia Dictionary of Arts,) wae 
remarkable ; the water evB)iorute(l when the current of heated products pawed 
acrum the coirugadont, and, aa it were, striking against them ; being so much 
greater than when it ran in die same direction. On the same principle, the 
heat transmitted was increased when the ciirrent of the products was inter- 
cepted by the conductors. 
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Supposing the conductor to be made of half inch rods and 
inserted at intervals of 8 inches, the strength of the plate has 
been tested and found to be rather improved^ the conductor 
pins apparently acting the part of floor bridgings and ^ying 
increased stiffness. 

Supposing the area of the flue to be two feet square^ then 
the introduction of the pin conductors may be as shewn in the 
annexed Fig. 135.* 



Pig. 135. 
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As illustrative of the mode and extent to which the system 
has been practically applied^ Fig. 136 and Fig. 137 represent a 
plan and section of the boilers of ^^27^ JRa^ WiUiam.^^ 
These boilers have been in constant use for the last 5 years^ 
and with the most perfect success as regards economy of fuel^ — 
freedom from the smoke nuisance^ — evaporative power, and 
durability ; — the number of conductor pins are 4359. 



* The principle of these conductor pins has been adopted in sugar boiler 
pans, and other descriptions of evaporative vessels ; and would no doubt be 
applicable to the operations of brewing and distilling. 
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The plan of the boiler described as Lamb and Summers' 
patent^ may here be given^ inasmuch as one of its peculiarities 
is connected with the use of the heat conductors, and precisely 
corresponding with the description given by M. Peclet, — the 
flue being ^^ traversed by metallic hars^^ and which here act the 
double purpose of stays (as in locomotive boilers) and heat 
conductors. 

In the boilers of the Peninsular and Oriential Steam 
Company's Ship ^^ Pacha, ^^ as in Figures 138 and 139, the stays 
which act the important part of double heat conductors are of 
|th-inch iron; of these there are 1920, and as they act effectu- 
ally on the water spaces on each side, do the duty of 3840 most 
effective heat conductors. 

The Patentees state that the superiority of this plan over 
the common tubular ^' consists in the facility for cleaning ; that 
is, for the removal of the scale or deposit which takes place so 
largely in the boilers of sea-going vessels. The vertical water 
spaces of these boilers afford an easy means of cleaning the sides 
of the flues, and so enable the water to come in contact with the 
iron flue. That in tubular boilers the horizontal position of the 
water spaces between the tubes renders it an impossibility to 
clean them ; the consequence of which is, that a constant suc- 
cession of deposit takes place. The flues of boilers which have 
been constantly at work since 1850 present no appearance of 
deterioration." 
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Fig. 138. 
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. The principle is too aelf-evident to avoid adoption I 
itiaii descriptions of vessels wbere heat has to be conummicated, 
„' of ^bitracted. 



CHAPTER XVIir. 



ON THE GENERATION AND CHARACTERISTICS OF 
SMOKE. 

So tntich bos been snid and credited on the auhject of the hurth 
ing and comhtslum, and even cansinnption, of smoke ; and it lias 
been so often asked. What U smoke ? that the subject cannot 
here he digmisftcd without comiDcnt. 

Dr. Lardoer has observed, that on coal being thrown on a 
furnace, "a smoke will arise, which, passing into the flue OTer 
the burning coal, will be ignited." With equal correotneM 
might he have said, that on coal beiii^ thrown into a heated 
retort, c ^'u>ke will arise, which, (laaeing into tubes, is con- 
veyed to our apartments, and tiiere ignited, giving out both 
light and heat. When palpable errors in description are com- 
mitted by Gcientific men, it can be no matter of surprise that an 
unobservant [)ubUc should become familiarized with such 
absurdities as "smoke burning," and "smoke-consuming, 
fumacea." 

Before the characteristics of combustible gases were known, 
it was natural that all coloured vapours, rising from Iieated 
bodies, should be called smoke. So soon, however, as the pro- 
perties of the several gases were correctly ascertained, through 
the researches of Davy and Dalton, the misapplication of the 
term became unpardonable on the part of those who profess to 
be public instructors on the subject. 

The gas from which amoke proceeds, in a furnace or retort, 
is uarburctted hydrogen. Tlie constituents of this ga8 have 
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been already described ; each atom consisting of two atoms of 
hydrogen and one of carbon. This latter we are warranted in 
assuming to be a solid, contained^ and concealed from view^ by^ 
or within the gaseous volume of the hydrogen, since carbon has 
never yet been produced in the form of a gas, nor hydrogen in 
that of a solid. It is only when their chemical union^ in the form 
of the coal gas, is broken up, that the carbon becomes visible 
and tangible. Now this circumstance alone furnishes an un- 
erring test of the difference between ^05 and smoke; a distinc- 
tion which, we shall see, is capable of physical proof. 

When we see a dark yellow vapour rising from heated coal, 
as at the mouth of a retort, or from a furnace, or domestic fire, 
after fresh coal has been thrown on, this colour is not occasioned 
by the presence of carbon^ but is caused by the sulphur, tar, or 
earthy impurities which might happen to be in the coal. All 
these are subsequently separated from the carburetted hydro- 
gen in the purifying process — the gas remaining transparent — 
so minute are the several atoms of the carbon, and so diffused 
are they when in connection with the hydrogen. That the 
solid carbon is there, notwithstanding this transparency, is 
proved by its subsequent liberation ; as when a polished body 
is thrust into the flame of a candle or gas jet, and brought out 
with a deposit of the carbon on it. Carbon, in fact, when in 
chemical union with gaseous matter, is always invisible and in- 
tangible. The following experiment will sufficiently illustrate 
these facts, exhibiting both the gas and the smoke in their 
separate states of existence, and with their separate charac- 
teristics. 




Fig. 140 repcHents a tin vcaac! a, capable of holding a quarl 
inciisui'C ; in it waa placed eome ainivll coal, rcein, and tar, tu 
produce a quick and large devclojmient of gaa. Tlio lid being 
removed, an iron, b, made red bot, was introduced, and the 
vcaael again close covered. A small tube is then inserted at r, 
to be blown into, as into a blow-pipe, to expel tlie gas in a 
dtroam. 

By blowing through this tube, a copious volume of the gas 
will issue from the nozzle d. That the carbon in this gae is 
inaccessible, is proved by presenting a sheet of paper to the 
stream, and, although it may be slightly stained, if there be 
much tar present, no carbon, however, will be deposited. 

On this stream of gaa (many inches long,) being lighted, a 
lurid flame will be produced, but which, becoming cooled down 
before it can be sufficiently mixed with the air, produces a 
large volume of true smoke. Here, then, is exhibited Ike gas, 
thejhme, and (he smoke, at the same moment, and iu succeseiooj , 



JQst aa they are produced in the furnace, — the gas being con* 
verted into flame, and the flame into smoke. 

Now let UB examine the characteristics of each. The carbon 
in the giis, as ab-eady mentioned, ia inaccessible, being con- 
cealed by or within the atoms of hydrogen reepectively, and 
oannot be separated, or deposited on the paper. On being 
lighted, the hydrogen combinea with the oxygen of the air 
forming ateam, which flies off, as already described. The re- 
sult is, the Hberatiwi of the atoms of carbon, either to be converted 
into carbonic acid, (if the heat can be continued,) or deposited 
in the form of the fine lamp-black powder, as we see it col- 
lected on the wick of the tallow candle. This may be tested 
by presenting the white paper to it, when a large quantity of 
this black carbon will be deposited on it. We here see the 
double error of mistaking smok'' for gas, and then assuming that 
the former can be burned. 

It may be well here to notice an error with which we are 
generally impressed, namely, that the cloudy volume of smoke, 
as we see it issuing from a chimney, and filling a large space 
in the atmosphere, is formed of carbonaceous matter. 

With equal propriety might we say, if we put a few drops 
of ink into a glass of clear water, and thus give it a blackened 
colour, that the whole would become a mass of ink. This 
black cloud is merely the great mass of steam, or watery va- 
pour, formed in the furnace, as already described, but coloured 
by the carbon ; and when we consider, that no less than half a 
ton weight of water (/» Me expanded form of steam) is produced 
from every ton weight of bituminous coal consumed, we can 
easily account for the enormous volume and mass of this 
blackened vapour called smoke, as it appears to our vision, and 
the palpable error of supposing that this cloud of incombustible 
matter was capable of being consumed, or converted to the 
purposes of heat- 
Were it not for this mass of steam the carbon would soon 
fall, as a cloud of black dust ; but, being intimately and atomi- 
cally mixed with the large volume of steam from the furnace, 
it is carried along by the atmosphere, only diftering in colour, 
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like the cloud of steam we see issuing from the chimney of a 
locomotive when in action. 

With the view of bringing the subject to the test of high 
chemical experience and authority, I submitted to Professor 
Brande the following extracts from a printed paper, being the 
substance of one of my communications to a public auditory in 
Manchester, and here give his reply. 

To W. T. Bbandr, Esq., London. 

Liverpool, Nov. 25, 1811. 

My dear Sir, — With this you will receive a copy of a printed paper on 
the '* Generation of Smoke," written by me for tlie purpose of explaining the 
grounds on which I object, chemically, to the use of the term, ''the burning or 
combustion of smoke," as applied by patentees to their respective plans of 
Aimaces. This ])aper was intended not only as a justification of myself, as 
regards the chemistry of combustion, and the objects and efiects of my own 
fumiice, but as a rejily to tlie " smoke-burning " views of others, to which I 
am necessarily opposed. * 

Wishing to have your views, ])rofi*8sionally, on the chemical part of the 
subject, as statinl by nic in this pa])er, I have to re(|uest your opinion on the 
same. 

I am, very truly yours, 

C. W. WILLIAMS." 



ON TUB COMBUSTION OF COAL AND THE PREVENTION 

OF SMOKE. 

A consideration of the nature of the products into which the 
combustible constituents of coal are converted in passing 
through the furnace and flues of a boiler^ will enable us to 
correct many of the practical errors of the day, and ascertain 
the amount of useful effect produced, and waste incurred. 
These products are : 

Ist. Steam — highly rarified, invisible, and incombustible. 

2nd. Carbonic acid — invisible and incombustible. 

3rd. Carbonic oxide — invisible, but combustible. 

4th. Smoke — visible, partly combustible, and partly incom- 
bustible. 
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Of these, the two first are the products of perfect combus- 
tion, the latter two of imperfect combustion. 

The first — steam — is formed from that portion of the hydro- 
gen (one of the constituents of coal gas,) which has combined 
chemically with its equivalent of oxygen from the air — in the 
proportion of one volume of hydrogen to half a volume of 
oxygen ; or, in weight, as 1 is to 8. 

The second — carbonic acid — is formed from that portion of 
the constituent, carbon, which has chemically combined with 
its equivalent of oxygen, in the proportion of 16 of oxygen to 
6 of carbon, in weight; or, in bulk, of one volume of the latter 
to two of the former. 

The third — carbonic oxide — ^is formed from that portion of 
the carbonic acid which, being first formed in the furnace, 
takes up an additional portion of carbon in its passage through 
the ignited fuel on the bars, and is then converted from the 
acid into the oxide of carbon ; thus changing its nature from an 
incombustible to a combustible. This additional weight of 
carbon so taken up, being exactly equal to the carbon forming 
the carbonic acid, necessarily requires for its combustion the 
same quantity of oxygen as went to the formation of the acid. 

The fourth — smoke — is formed from such portions of the 
hydrogen and carbon of the coal gas as have not been supplied 
or combined with oxygen, and, consequently, have not been 
converted either into steam or carbonic acid. 

The hydrogen so passing away is transparent and invisible ; 
not so, however, the carbon, which, on being so separated from 
the hydrogen, loses its gaseous character, and returns to its 
natural and elementary state of a black, pulverulent, and finely- 
divided body. As such, it becomes visibky and this it is which 
gives the dark colour to smoke. 

Not suflSciently attending to these details, we are apt to give 
too much importance to the presence of the carbon, and have 
hence fallen into the error of estimating the loss sustained by 
the blackness of the colour which the smoke assumes, without 
taking any note of the invisible combustibles, hydrogen and 
carbonic oxide, which accompany it. The blackest smoke is. 



therefore by no means a source of the greatest loss ; indeed, 
it may bo tho reverse; the quantity of invisible combustible 
matter it contains being a more correct measure of the loss 
sustained than could be indicated by mere colour. 

This will be still more consistent with truth, should any of 
the gas (carburctted hydrogen,) escape undecompoeed or 
unconsumed, as too often la the case. 

In the ordinary acceptation of the terra " smoke," we under- 
stand all the products, combustible and incombustible, which 
pass off by the flue and chimney. When, however, we are 
considering the subject scientifically, and with a view to a 
practical rcmetly against the nuisance or waste it occasionsj we 
must distingiiiah between the gas as it is generated, and that 
which is the result of its imperfect combustion. In fact, with- 
out precise termsand reasoning, we disqualify ourselves from 
obtaining correct views either of the evil or the remedy. 

Now, let us look at this gas, which we are desirous of con- 
verting to the purposes of heat, under the several aspects in 
which it may be presented under the varying degrees of tem- 
l)erature, or supplies of air. 

In the first instance, suppose the equivalent of air to be 
supplied in the proper manner to the gas, namely, by jets, for 
in this respect the operation is the same as if we were supply- 
ing gas to the air, as in the Argand gas-lamp. In such case 
one half of the oxygen abaorded goes to form steam, by its 
union with the hydrogen; while the other half forms carbonie 
acid, by its union with the carbon. Both constituents being 
thus supplied with their equivalent volumes of the supporter, 
the process would here be complete — perfect combustion would 
ensue, and no smoke be formed ; the quantity of air employed 
being im times the volume of ike gas caiimmed. (See Fig. 14].) 

Again, suppose that but one half, or any other quantity, 
lesn than the saturating equivalent of air were supplied. In 
such case, the hydrogen, whose affinity for oxygen is so 
superior to that of carbon, would seize on the greater part of 
this limited supply; while the civrbon, loosing its connection with 
the hydrogen, and not being supplied with oxygen, would 
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assume its original black, solid, pulverulent state, and become 
tnw -tmoke. The quantity of emoke then would be in proportion 
to the deficiency of air supplied. 

But smoke may be caused by an fxcess as well as a deficiency 
in the supply of air. This will be understood when we con- 
sider that there are two conditions requisite to effect this chemi- 
cal union with oxygen, namely, a certain degree of temperature 
in the gas, as well as a certain quantity of air ; for, unless the 
due temperature be maintained, the combustible will not be 
in a state for chemical action. 

Wow, let ua see how the condition, as to temperature, may be 
affected by the quantity of air being in excess. If the gas be 
injudiciously supplied with air, that Is, by larger quantities or 
larger jets than their respective equivalent number of atoms 
can wmtcdiately comhine with, as they come into contact, a cooUtig 
effect is necessarily produced instead of a generation of heat. 
The result of this would be, that, although the quantity of air 
might be correct, the second condition, the required tempera- 
ture, would be sacrificed or impaired, the union with the oxygen / 
of the air would not take place, and smoke would be formed. 

Thus we perceive that the mode in which the air is introduced 
exercises an important influence on the amount of union and 
coiubustion effected, the quantity of heat developed, or of 
smoke produced ; and, in examining the mode of administering 
the air, we shall discover the true cause of perfect or imperfect 
combustion, in the furnace, as we see in the lamp. This circum- 
stance, then, as regards the manner in which air ia introduced 
to tlie gas, (hke the introduction of gaa to the air,) demands 
especial notice, aa the most important, although the most 
neglected, feature in the furnace, and in which practical 
engineers are least instructed by those who have undertaken 
the task of teaching them. 

We see, then, how palpably erroneous is the idea, that 
smoke, once formed, can be consumed in tlie furnace in which 
it ia generated, and how irreconcilable is such a result with the 
operations of nature. The formation of smoke, in fact, arises 
out of the failure of some of the processes preparatory to com- 
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bustion, or the absence of some one of the conditions which are 
essential to that consummation from which light and heat are 
obtained. To expect, then, that smoke, which is the very 
result of a deficient supply of heat, or air, or both, can be con- 
sumed in the furnace in which such deficient supply has 
occurred, is a manifest absurdity, seeing that, if such heat and 
air had been supplied, this smoke would not have existed. 



Opmwn of W. T. Brande, Esq., Prnfessor of Chemistry at the Jfoyal 
Institution, London, on the preceding Paper, 

Royal Miot, 29th Nov., 1841. 

Dear Sir, — I quite agree with you as to the distinction i/vhich ought always 
to be made and observed between the '* prevention of the formation of smoke," 
and the '^ combustion of smoke after it has been made ; " and also, as to the 
necessity of accurately defining what is meant by the term '' smoke." 

I have carefully perused the printed extract of your lecture on these sub- 
jects, delivered at the Victoria Gallery, Manchester, and am ready to admit 
the general correctness of the chemical principles upon which your views are 
founded. The colour of tlie smoke is, as you properly observe, no criterion of 
die loss of combustible matter, or of the waste incurred by any particular 
form of combustion. 

Carbonic oxide, carburetted hydrogen, and various hydro-carbons, in the 
form of vapour, may escape, and often do escape, invisibly ^ from the chimney ; 
and as they are all combustible, are, strictly speaking, so much loss of fuel. 
Steam is also an invisible product of combustion, and a constant ingredient of 
smoke. 

Your system of throwing jets of air into the inflammable gases and vapours 
which constitute so large a part of the matters which, in many ill-constructed 
fire-places and furnaces, escape by the chimney along with the finely-divided 
carbon, or black smoke, renders them all available as sources of heat ; and 
where that system is perfectly applied, the smoke can consist of very little else 
than carbonic acid, steam, and nitrogen ; all incombustible, and also incapable 
oi supporting combustidn. 

Yours, my dear Su*, very faithfully, 

WILLIAM THOMAS BRANDE. 
C. W. Williams, Escj., Liverpool. 
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Fig. 141. 
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APPENDIX. 



REMARKS ON THE FOREGOING MODE OF EFFECTING 
THE COMBUSTION OF COAL IN FURNACES. 



% REMARKS BY MR. BRANDE. 

Royal Mint, London, 26th November, 1840. 

Mt deab Sir, — I am convinced, that yon are not only practically, but 
theoreticaUy and scientifically, right in regard to the general views put forth 
in your Essay on the Combustion of Coal and the Prevention of Smoke. I 
have long advocated the principles which you have adopted, and have an- 
nually illustrated them in my lectures in the Royal Institution; but it un- 
fortunately so happens, that when scientific men urge new views, or suggest 
the practical adoption of rational theories, they are neglected, because it is 
presumed they are merely founded on unsubstantial hypotheses ; and, on the 
other hand, when practical men attempt to found improvement on scientific 
principles, they are sneered at as dabblers in science ; and so, both become 
disheartened and disgusted, and the only people who are temporarily successful 
are quacks^ who, pretending to what is called originality, and, neither re- 
ferring to practice or science, steal from both ; but, deficient in all knowledge 
of their own, ultimately mislead their followers ; and, like the alchemists of 
old, not unfrequentJy deceive themselves. 

Under these circumstances, it is really refreshing to find a person of your 
experience willing and able to blend practice with science and theory ; and I 
have no hesitation in saying, that the views promulgated in your Essay are 
substantially founded upon just and scientific principles. 

When the unbumed hydrocarbons, which are produced during what is 
commonly called the combustion, but which, in reality, is principally the de- 
structive cumulation of coal, in our ordinary steam-boiler furnaces, gradually 
mix with air, they assume the form of what is called uninflammable smoke ; 
but, if they be examined immediately after they leave the fuel and before 
they have blended with excess of cold air in the chimney shaft, they are found 
to be highly inflammable and rich in carbon. At this point it is that you 
judicioasly admit the jets of air : and in so doing, every jet that enters the 
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inflammable atmos))here within tlie flues becomes, as it were, the centre of 
combustion, and tends to increase the heat, by burning and destroying that 
hydrocarbon, which otherwise would go on to produce worse than useless 
smoke. 

I have now given you my candid opinion respecting your views of the phe- 
nomena of combustion and their application to the object proposed in your 
Essay : there are some of the minor points of which I cannot speak without 
further consideration ; but these do not, in any way, affect the main object of 
the inquiry in its practical bearings. 

I am always, my dear Sir, sincerely yours, 

WILLIAM THOMAS BRANDE. 
To Charles W. Williams, Esq., 

Dublin Steam Packet Company, Liverpool. 



REMARKS BY ANDREW URE, M.D., F.R.S. 

Having now carefully perused your treatise " On the Combustion of Coals 
and the Prevention of Smoke, Chemically and Practically considered," I 
cannot help congratulating you on the manner in which you have studied the 
phenomena of a furnace — phenomena which, like those of the freezing and 
boiling of water, had been for ages exhibited to the eyes of the ^philosopher 
and the engineer, without receiving from the one a scientific analysis, or lead- 
ing the other to any radical improvement. You have fully demonstrated the 
defectiveness and fallacy of the ideas generally entertained concerning the 
operation of fuel in furnaces, and the errors, consequently, committed in their 
construction. 

You will remember, that when, about ten months ago, you laid before me 
the first draught of the specification of your patent furnace, with what delight 
I hailed your invention as the harbinger of a brighter day for steam naviga- 
tion, where economy of fuel has become the sine qua non in regard to long 
voyages. I rejoice that, with the ample means placed at yoiu* command, you 
have since prosecuted the subject, through all its ambiguities to a clear and 
conclusive demonstration of the efficacy of your plan for calling forth from pit- 
coal all its dormant fire, and diffusing it most efficaciously over the surfaces of 
boilers and along the flues. I am more particularly pleased with your analysis 
of the combustion of the gases and vapours given out by hydrogenous coal, 
commonly, though incorrectly, called bituminous, for it contains no ready 
formed bitumen, but merely its elements, carbon, hydrogen, and oxygen. 

Every coal which contains much hydrogen, and therefore, loses much 
weight by ignition in retorts, necessarily produces much smoke, with a great 
waste of heat in our common steam boiler furnaces, for reasons which you 
have so well developed in your treatise. " When carburetted hydrogen," 
says Leibig, "is kindled, and just as much oxygen admitted to it as will con- 
sume its hydrogen, the carbon does not bum at all, but is deposited (or sepa- 
rated) in the form of soot j if the quantity of oxygen is not sufficient to bum 
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even all the hydrogen, carburets of hydrogen are produced poorer in 
hydrogen than the origmal carburetted hydrogen." 

A coal which, like the Newcastle caking coal, contains 5*2d9 of hydrogen, 
is capable of giving out in complete combustion as much heat as if it contained 
an extra 10| per cent of carbon ; but, instead of this additional heat, it af- 
fords in common furnaces much leas heat than the Llangennock, though this is 
much poorer in the most calorific constituent, viz., the hydrogen. 

In the case of great steam-boiler furnaces, for which your patent is es- 
pecially intended, since these are fed at short intervals, your plan of distributing 
atmospheric air, in a regulated quantity, by numerous jets, through the body 
of the gasiform matter, is peculiarly happy, and must enable you to extract 
the whole heat that the combustible is capable of afibrding. The method also 
which you have contrived for distributing the air under the surfiuse of the 
grate will ensure due combustion of the coked coals lying there, without ad- 
mitting a refrigerating blast to the fire. And, finally, your mode of supplying 
atmospherical oxygen will prevent the possibility of the carbon of the coals 
escaping in the state of carbonic oxide gas, whereby, at present, much heat is 
lost in our great furnaces. 

ANDREW URE. 

13, Charlotte-street, Bedford-square, London, 
December 26, 1840. 



REMARKS BY DR. BRETT. 

Laboratory, Royal Institution, Liverpool, Jan. 6, 1841. 

I now take the opportunity of expressing more fully my opinion of your 
views concerning the combustion of coal and prevention of smoke, and it gives 
me the greater satis&ction so to do, in consequence of having enjoyed, on 
more than one occasion, an opportunity of examining, in your experimental 
furnace, when in operation, the difierent stages of coal combustion. Your 
furnace being so constructed that it allows of a close inspection of the changes 
which take place within the flue, behind the bridge, no person, however im- 
perfectly acquainted with those scientific principles upon which combustion 
ought to be efiected, can avoid recognizing the great difiereuce (a difierence 
sufficiently palpable to the sight) which exists between combustion, as con- 
ducted in furnaces upon the old plan, and that which takes place in yours, 
when the inflammable matters receive good airproperfy supplied* 

Every one who observes the volumes of black smoke escaping fi*om the 
chimneys of manu^su^ries must be struck with the positive loss of ^el thus 
sustained \ yet, not only is the black smoke lost for calorific efiect, but a 
further loss may be traced to the passing off of what may be called a smoke, 
though not visible — I mean unbumt carburetted hydrogen and carbonic 
oxide. You have been fully alive to the truth of this ; and, by a felicitous 
contrivance, have shewn, that, by mingling atmospheric air willi the inflam- 
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niaUe gas, before tbej can escape nnbornt, black tmoke may be got rid 
III', or, ill other worcU, that lou of tad and consequent Iohb of heat may be 
avoided. 

On one occasion wliilst watching the process of combQStioD, during its dif- 
ferent stages, in your e»periiaental fiirnsce, at that period when the hydro- 
carbons had just undergone combustion, and the carbonaceuun matter, or coke, 
was remaining on the fire-bars, highly ignited, I observed, when looking into 
the flue, the phenomenoD of a peach-coloured flame ming'ed with one of a 
striking blue colour. The former 1 believe to be produced by the burning of 
cyant^en : the latter was undoubtedly due to carbonic oxide. To the inter- 
esting fact of the combustion of the latter gas, after that of the hydro-carbons, 
you will remember to have directed my atleiition on a former occasion. I 
need hardly say, that without a proper supply of ntmoipberic air, these gases 
would have escaped by the chimney, and so have been lost for cfilorific 
purposes. 

By causing atmospheric air to be driven fry jet k among the inflammable 
gases, you employ, as it appears to me, the only means practicable, in 
operations on a large scale, of causing a sufKcient mechanical admixture be- 
tween the air and the gases to be burnt By such means, too, you consider- 
ably extend the surface of any given bulk of atmospheric air adinittfid, in the 
same way as the «iufuce of any given volume of water is greatly increased by 
causing it to pass, in tUu streams, through n vessel containing numerous 
apertures. 

On the whole, then, I would observe, that your treaiiu! is correct as to its 
theoretical and scientific principles ; and by your illustrations on [be large 
scale of the furnace, you have demonstrated how science and practice may be 
made to harmoniw, and have shewn the importance of attending, strictly, to 
the chemical conditions on which combustion takes place, without which all 
innst be error and uncertainty. 

R. H. BRETT, Ph.D., F.L.S. 

To C. W. Williams, EJuj. 



REMARKS BY DR. ROBERT KANE. 

Royal Dublin Soriety, January I6Lh, 1811 . 

Dkab Sia, — I received the copy of your work and the other papers 
illustrative of your views of the nature of combustion and of the construction 
of furnaces, and 1 c<msider your suggestions as being of peculiar value, in- 
asmuch as they indicate to the engiueer and mechanist the principles on which 
alone the perfect combustion of fuel can be secured. They serve also as an 
additional proof, were such wanted, that complete success in art — the great- 
est economy in materials—and the must perfect utilizatiou of its prodi 
only occur when the scientific conditions of the process are clearly understood 
and made ihefoundaiioni qf practice. 

In your furnace alone, of all the plans 1 have had an opporti 
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e conditions for the complete combustion of oU the «»- 
etituents of the fuel, are secured in the proper circumetances of quantity, time, 
and place. 

The introduction of ulr at the hridge and along the flame-bed, tu supply tlie 
qnantity of oxygen necessary for the combustion of the volatile products of the 
coal ; — the diffusion of this air, secnred by i(s issuing from a great number 
of email jets, and the consequent full combustion of the gaseous fuel before it 
leaves the surface of contact with the boiler, are elements of real economy and 
success in practice. The value of this, although, perhaps, obscurely felt by 
otlierB, from the imperfection of the older methods, has been, certaialy, first 
placed in its important and just aspect by your illustrationfi. 

The formation of carbonic oxide in furnaces, to which I find, in your work, 
for thefiret time, the attention qf practical men directed, Ims, hitherto, been 
a. source of loss of fuel to a very considerable extent. When carbonic and 
streams over a surfece of ignited charcoal, or coke, it cannot be considered to 
evolve heat in taking up an additional equivalent of carbon. This ia verified 
by tie feet, that the carbonic oxide thus formed gives out, in burning, only 
the same quantity of heat which the second equivalent of carbon should have 
given out if it had formed carbonic acid directly. 

This heat you encourage, and hence, even at those periods when carbonic 
oiide is produced, you lose no fuel, whereas, b all the ordinary plans of 
avoiding visible smoke, the fuel is evolved in carbonic oxide, aod is either 
silently escaping as invisible gas, or burns at the orifice of the chimney, 
wasting there the carbon which should have been economised below, 

I like the plan of your diagrams very much. In popular use, and 
especially, for the instrucljon of those who have not made abstract calculations 
their study, they are exceedingly valuable ; so much so, that our illustrious 
and venerable fiiend, Dr. Dalton, the Nestor of the physical sciences, as lie 
has been termed by Dumaa, proposed a plan not unlike yours, but which, 
jrom the very feet of its being more adapted to class illustrations than to the 
calculations by symbols, (uow so neceasary in scientific chemistry,) was kept 
very much out of view, lately, by the employment of the BerzeJian notation. 
When one writes, a* you do, not merely for those who know a good deal, but 
for those who are not used to the kinds of ideas you wish to communicate, 
every adjunct which tends to awaken the senses to the subject is of the 
highest importance. 

In conclusion, I beg to express my conviction, that, by giving to the scien- 
tific world the true philosophy of combustion upon the large scale of the 
furnace, and indicating to the mechanist the conditions upon which the 
proper construction of furnaces must rest, you have illustrated, remarkably, 
the value of science apphed to the useful arts, and have efibcted considerate 
service to the public. 

Believe me, my dear Su-, 

Sincerely yours, 

ROBERT KANE. 

To C. W. Williams, Esq. 
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Tliefolbnrauf Lettera are important, a» they refer la the Furtiaee mentioned 
in the Letter of the Eabl of Elleemerb. (See Note, Chapter V.) 



!, Moorgate Street, LoadoD, 
26th Joly. 185i, 



C. \ 



Williar 



, Esi]. 



Dear Sib, — ConBidering it might be interesting to you and the 
public, to be assured of long continued snccew in the application of your 
Principle of Smoke Prevention, I have recently commnnicBted with Messrs. 
Lockett, of Manchester, at whose works I commenced operations, and 1 have 
much pleaaarc in forwarding you their reply. I could have supphed numerous 
wmjlar letters, of eorly date, from eminent engineers, manufacturers, and 
others, were further confirmation at all retjuisitc. I have Buperintended the 
n of above 3000 Argaod Furnaces, of all descriptions, and continue 
erecting them, for every class of work. 

I am, your obedient servant, 

HENHY DIRCKS. 



StrangcwAj's, Mancliecter, 
26th July, 1854. 
Messrs. Dirckn k Co., 

33, Moorgate Street, London. 

Gentlemen, — In reply to yonr inquiry respecting the Patent 
Argand Furnace of Mr. Charles Wye Williams, erected by you at our Works 
in 1840, we have great pleasure in assuring you, that in regard to Smoke 
Prevention, it is must satisfactory, and we can speak confidently, that tliere 
is a considerable saving in fuel. We have bad the patent plan applied to 
three different boilers unce we first adopted it, and in each case with the same 
satisfactory result. There cannot be the smallest doubt, that the principle of 
Mr. Williams's plan, is that on whieh tlie prevention of smoke can alone be 
effected, whatever may be the mode of applying it. 
We remam, Gentlemen, 

Yours very respectfuDy, 
(Signed) JOSEPH & JAS. LOCKETT k CO. 
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